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A  POSSIBLE  EXPLANATION  OP  THE  GEGENSCHEIN. 

WILLIAM  H.  PICKBRING. 

Besides  the  Moon,  we  know  that  there  must  be  countless 
much  smaller  bodies  constantly  circbng  about  the  Earth,  in  vari- 
ous directions  and  at  various  distances.  Owing  to  collisions, 
and  attractions  of  the  Sun  and  Moon,  some  of  these  bodies  are 
occasionally  drawn  from  their  normal  orbits  and  precipitated 
upon  the  Earth  as  meteorites.  Those  that  continue  to  circulate 
in  direct  closed  orbits,  nearly  parallel  to  the  plane  of  the  ecliptic, 
must  all,  drawn  by  tides  which  they  themselves  produce,  gradu- 
ally recede  from  the  Earth.  When  they  have  receded  to  some- 
thing over  one  million  miles  their  periods  of  revolution  will  be 
just  one  year,  and  as  soon  as  they  recede  beyond  that  point  they 
will  be  left  behind  by  the  Earth  in  her  orbit,  and  lost  to  her  as 
satellites.  Henceforward  they  will  be  dependants  upon  the  Sun. 
As  they  approach  this  limiting  distance,  however,  their  rate  of 
recession  will  become  slower,  and  accordingly  a  large  proportion 
of  them  will  be  found  at  about  this  distance  from  the  Earth,  and 
with  periods  of  about  a  year. 

Any  meteorite  whose  period  is  just  one  year  will  remain  at  a 
constant  difference  of  longitude  from  the  Sun.  As  its  peribd  ap- 
proaches this  figure  it  will  be  much  perturbed  of  the  Sun,  and 
rapidly  change  its  longitude  with  regard  to  it,  save  in  one  posi- 
tion, that  where  it  is  in  line  with  the  Earth  and  Sun,  and  beyond 
the  former.  Here  the  perturbations  will  be  slight,  and  conse- 
quently the  change  of  position  slow,  and  therefore  there  will  be 
a  greater  number  of  the  meteorites  collected  in  this  place.  In 
this  place,  moreover,  since  they  will  appear  full  as  seen  from  the 
Earth,  they  will  appear  at  their  brightest. 

It.is  therefore  suggested  that  we  have  here  a  possible  explana- 
tion of  the  Gegenschein,  which  according  to  this  hypothesis 
would  be  an  actual  body  attendant  upon  the  Earth;  in  short,  a 
sort  of  cometary  or  meteoric  satellite.  Its  mass  would  be  small, 
but  its  bulk  as  judged  from  its  angular  dimensions  would  be 
great,  being  not  far  from  that  of  the  planet  Jupiter, 
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2  The  Euler-Latnbert  Equation  for  Parabolic  Motion. 

'  No  meteorite  whose  period  of  revolution  was  one  year  could 
remain  in  line  between  the  Sun  and  Earth,  as  it  would  be  drawn 
away  by  the  former  body.  There  seems  to  be  no  question  but 
that  some  action  such  as  that  above  described  must  take  place, 
and  therefore  that  the  light  of  the  Gegenschein  must  be  due  in 
part,  at  least,  to  this  cause,  the  only  question  is  whether  it  is 
wholly  due  to  it;  in  other  words,  whether  the  suggested  explana- 
tion is  adequate  to  produce  the  effect  observed.  A  suggestion 
that  the  Gegenschein  might  he  of  meteoric  origin  was  made  by 
Professor  Searle  in  1882  (A.  N.  C  II.  266). 

It  may  be  pointed  out  if  this  hypothesis  is  correct,  that  the 
Moon  should  produce  some  effect  upon  the  location  of  the  Gegen- 
schein, Thus,  when  the  Moon,  is  full  the  Gegenschein  should  be 
slightly  to  the  west  of  its  mean  position,  and  when  the  Moon  is 
new,  it  should  be  somewhat  to  the  east  of  it.  In  an  article 
printed  for  private  distribution,  but  taken  in  part  from  Popular 
Astronomy  for  1897,  Vol.  V..  p.  178,  Mr.  Douglass  gives  the  re- 
sults of  an  examination  of  254  observations  of  the  Gegenschein 
made  chiefly  by  himself,  and  concludes  that  the  longitude  of  the 
Gegenschein  does  bear  a  definite  relation  to  the  lunar  month. 
He  finds  "that  observations  made  before  new  Moon  have  a  tend- 
ency to  place  the  Gegenschein  farther  east  than  those  made  af- 
ter." Should  these  observations  be  confirmed,  there  would  seem 
to  be  no  doubt  that  the  Gegenschein  is  a  material  object  attend- 
ing the  Earth  in  its  orbit,  and  not  merely  an  electrical  discharge 
or  a  phenomenon  produced  by  remote  bodies  outside  of  the  orbit 
of  Mars, 

Harvard  College  Observatory, 
December  8,  1899. 


ASAPH  HALL. 


It  is  well  known  that  the  important  equation  between  the  . 
time  of  moving  through  the  arc  of  a  parabola,  the  two  radii 
vectores,  and  the  chord,  was  given  first  by  Euler,  although  for 
many  years  it  was  known  as  Lambert's  equation.  This  formula 
was  published  by  Euler  in  the  Memoirs  of  the  Berlin  Academy, 
1743.    It  is  given  in  his  work  on  the  orbit  of  the  Comet  of 
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Asaph  Hall. 


March,  1742.     Euler  gives  two  demonstrations,  and  finds  in  onr 
modern  notation  the  known  equation, 


kt  =i  [(r  +  r'  +c)*-  (r+r'- c)^] 


(1) 


He  gives  no  plus  sign  to  the  second  term,  which  is  required 
when  the  heliocentric  motion  is  more  than  180°.  Euler's  method 
of  determining  the  orbit  of  the  comet  is  to  make  by  trial  the 
computed  interval  of  time  agree  with  the  observed  interval.  He 
also  tries  the  theory  of  an  ellipse,  assuming  that  the  semi  para- 
meter is  to  the  perihelion  distance  as  2  —  a  is  to  1  and  finds  a  = 
0.06047.    Euler  gives  this  valtie  of  the  perihelion  distance, 

(r-r^+c).(r-r-  +  c) 

^  4(r+r')-4.[(r+r'-c}  {r+r'  +  c)J» 
I  do  not  find  that  Euler  ever  made  any  further  use  of  formula 
(1).  It  appears  to  have  been  iorgotten  by  the  author,  and  by 
every  one,  until  it  was  rediscovered  by  Lambert,  and  published 
by  him  in  his  elegant  treatise,  "  lasigniores  orbitae  Cotnetaram 
Proprietates,"  lit)!.  In  article  83  Lambert  gives  formula,(l), 
with  the  negative  sign  only,  as  Euler  had  done.     He  expands  (1) 

in  a  series  according  to  the  ratio  — ^^ -■, :   and   this  is  the  series 

employed  by  Encke  for  the  solution  of  (1), 
Equation   (1)  has  been  transformed  in  many  ways.    A  useful 


From  the  geometrical  conditions  we  may  always  put 

c 
sm  y  =      ■     „ 

taking  y  less  than  90°.    Now  it  is  evident  that 

Uos  2  ^  ±  *'"  2  ^)  "=  ^  "^  sin  y, 
and  hence 

^7^-4-r'2^  +  "'"2>'j  -{^os^y-sin^yj 
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\2. 

Gauss  appears  to  have  pointed  out  this  transformation. 
Cambridge,  Mass. 
1899,  Dec.  4th. 


PHOTOGRAPHIC  EFFICIENCY  OF  THE  CKOSSLEY  RE- 
FLECTOR. 


We  have  been  greatly  interested  in  the  recent  photographic 
work  of  Professor  J.  E.  Keeler,  Director  of  Lick  Observatory, 
Mount  Hamilton,  Cal.,  which  is  done  by  the  aid  of  the  Crossiey 
Reflector.  This  large  reflecting  telescope  was  originally  made  by 
Calver;  it  was  for  some  time  used  by  Dr.  A.  A.  Common,  of 
England,  who  obtained  with  it  some  excellent  celestial  photo- 
graphs for  which  he  received  the  Gold  Medal  of  the  Royal  Astro- 
nomical Society  in  1884.  Later  it  came  into  the  hands  of  Mr, 
Crossley  who,  after  making  some  improvements  upon  it.  in 
1895,  presented  it  to  the  Lick  Observatory  while  Professor  E.  S. 
Holden  was  Director. 

Last  May  Professor  Keeler  published  a  brief  account  of 
some  photographic  work  by  the  aid  of  this  instrument 
in  the  Pablicatioas  of  the  Astronomical  Society  of  the  Pa- 
cific.  That  account  is  so  instructive  and  so  useful  to  any  one  in- 
terested in  celestial  photography  that  we  give  below  the  article 
in  full. 

By  permission  of  Professor  Keeler  we  are  able  to  reproduce 
one  of  the  finest  photographs  of  Earl  Rosse's  wonderful  spiral 
(M.  51),  sometimes  called  the  "Whirlpool  Nebula,"  we  have  ever 
seen.  The  reproduction  in  our  cut,  though  carefully  done,  does 
not  equal  the  exquisite  photograph  obtained  by  Professor  Kee- 
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The  Great  Spiral  Nebula  in  Canes  Venatici. 


Photographed  with  the  Crosslej  Reflector  of  Lick  Observatory. 
Bxposure  4  hours. 


Poi^LAB.  Astronomy,  No.  71. 
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Photographic  ESciency  of  the  Crossley  ReBector.  5 

ler  with  the  Crossley  reflector.  A  beautiful  lantern  slide  of  that 
photograph  was  sent  to  Dr.  Wilson,  of  Goodsell  Observatory', 
only  a  few  days  ago,  and  oor  illustration  was  made  from  the 
laatera  slide.  The  size  of  our  cut  is  one  and  one-half  times  that 
of  the  picture  which  appears  to  be  the  size  of  the  focal  image  of 
the  nebula  in  the  Crossley  reflector.  Of  this,  however,  we  are 
not  sure  for  Professor  Keeler  has  not  yet  given  information  on 
this  point. 

The  picture  of  this  Nebula  by  Mr.  Roberts,  of  England,  will  be 
found  in  Knowledge  Vol.  12,  (1889)  facing  page  188.  The 
Roberts'  picture  was  taken  April  21, 1889,  with  a  20-incb  silver- 
on-glass  reflector  with  an  exposure  of  4  hours.  The  print  is  we 
think  by  the  collotype  process.  By  reading  the  following  account 
any  one  will  readily  understand  the  advantages  which  Professor 
Keeler  would  have  both  in  size  of  instrument  and  locality  for 
work  of  this  kind.  Mr.  Roberts'  picture  although  enlarged  8 
diameters  is  still  a  little  smaller  than  that  obtained  at  Mount 
Hamilton.  The  enlargement  of  a  photograph  so  much  has  un- 
doubtedly both  diminished  the  sharpness  of  detail  and  occa- 
sioned a  loss  of  the  fine  contrast  and  very  minute  features  that 
may  appear  in  the  original  negative.  The  exquisitely  delicate 
mingling  of  shade  and  the  soft  effect  of  definite  color  in  the 
Keeler  picture  is  certainly  charming  to  those  who  love  to  study 
good  photographic  work.  Professor  Keeler  gives  reasons  for 
these  results  in  the  following  article: 

"  The  reflecting  telescope  has  been  so  little  used  in  this  country, 
since  the  time  of  Henry  Draper,  that  a  few  notes  on  the  photo- 
graphic eflficiencj  of  the  Crossley  reflector  may  be  of  interest  to 
American  readers. 

The  Crossley  dome  is  built  on  the  farther  end  of  a  long  rocky 
spur,  which  extends  from  the  principal  summit  of  Mt.  Hamilton 
toward  the  south,  and  is  within  a  few  minutes'  walk  (or  climb) 
of  the  main  Observatory.  The  mirror,  which  has  a  very  fine 
figure,  has  an  aperture  of  three  feet,  and  a  focal  length  of  seven- 
teen feet  six  inches.  The  mounting,  as  compared  with  the  beauti- 
fully mounted  large  refractors  of  the  Observatory,  is  undoubtedly 
a  rude  piece  of  mechanism,  but  with  suflicient  experience  of  its 
numerous  idiosyncrasies,  the  observer  can  obtain  negatives  with 
exposures  of  four  hours'  duration,  with  only  an  occasional 
failure. 

At  present  the  Crossley  telescope  is  being  used  for  photo- 
graphic observations  of  nebuls.  For  such  work  the  summer 
months  at  Mt.  Hamilton  present  almost  ideal  conditions.    The 
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sky  is  coatinuousty  and  often  brilUantly  clear,  while  the  dryness 
and  purity  of  the  air  are  such  that  the  silvered  surfaces  retaia 
their  brilliancy  without  any  care  on  the  part  of  the  observer. 
Within  the  last  week,  however,  the  smoke  from  forest  fires  (from 
which  there  seems  to  be  no  escape  in  even  the  remotest  corners 
of  the  Earth)  bas  greatly  dulled  the  brightness  of  the  sky,  and 
has  interfered  most  annoyingly  with  the  photographic  work.  In 
the  winter  months,  on  the  other  hand,  the  conditions  are  gener- 
ally bad,  on  account  of  storms,  snow,  fog,  or  dampness;  yet 
there  are  many  nights,  between  the  spells  of  bad  weather,  on 
which  the  telescope  can  be  used. 

To  one  who,  like  myself,  has  always  worked  with  refracting 
telescopes,  the  photographic  power  of  a  large  reflector  is  sur- 
prising. In  this  respect,  the  Crossley  reflector  does  not,  of  course, 
surpass  any  other  reflecting  telescope  of  like  dimensions,  but  its 
photographic  "  rapidity  "  is  certainly  very  considerably  greater 
than  that  of  a  refracting  telescope  of  the  same  angular  aperture. 
This  is  due  to  the  fact  that  the  silvered  surfaces  absorb  less  of 
the  chemically  active  light  than  the  glass  lenses  of  a  refractor, 
and  it  is  noteworthy  that  this  superiority  of  the  reflector  be- 
comes more  pronounced  the  finer  the  atmospheric  conditions  un- 
der which  the  two  classes  of  instruments  are  compared.  On  one 
of  the  fine  nights  which  I  have  mentioned,  when  the  Milky  Way 
shines  with  astonishing  splendor  and  the  whole  heavens  look 
phosphorescent,  the  photographic  activity  of  the  reflector  is  re- 
markably increased.  But  the  performance  of  the  refractor  is  not 
greatly  changed,  for  the  reason  that  the  short  light-waves,  which 
are  transmitted  more  abundantly  by  the  unusually  clear  air,  are 
in  any  case  strongly  absorbed  by  glass. 

To  illustrate  the  photographic  rapidity  of  the  Crossley  tele- 
scope, I  give  the  following  examples  of  exposure- times  in  which 
well-known  nebulae  have  been  photographed : — 

The  Ring  nebula  in  Lyra  has  been  photographed  on  several 
occasions,  and  the  results  are  described  in  another  part  of  the 
present  number  of  the  Publications.  It  will  be  seen  that  the  best 
general  representation  of  the  nebula  was  obtained  with  an  ex- 
posure of  ten  minutes.  On  this  plate  the  stars  ate  perfectly 
round  and  very  small.  The  disc  of  the  central  star  of  the  nebula 
has  a  diameter  of  3".5;  that  of  the  smallest  stars  shown  does 
not  exceed  1".5.  On  the  same  plate  is  a  double  star  (not  re- 
solved) the  equal  components  of  which  are  about  2"  apart, 
while  their  magnitude  is  not  less  than  17  or  18.  It  will  hardly 
be  observed  visually.    The  central  star,  which  has  a  visual  mag- 
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nitnde  of  15.4,  according  to  Burnbam.  gave  a  distinct  image  in 

Pliotographs  of  small  planetary  nebulee  have  been  made,  not 
only  for  the  purpose  of  ascertaining  the  exposure-times  required 
for  such  objects,  but  to  see  what  amount  of  detail  can  be  shown 
in  a  surface  ol  such  small  dimensions.  With  regard  to  the  latter 
purpose,  it  was  found  that  a  large  amount  of  detail  was  shown, 
but  that  visual  observation  with  the  36-inch  refractor  was 
more  satisfactory  than  photographic  observations  with  the  re- 
flector. 

In  the  case  of  the  small  but  remarkable  planetary  nebula  G.  C. 
4628  (26"  X  16"),  the  best  geueral  picture  was  obcained  in  two 
minutes,  while  with  the  "ansie,"  extending  outward  from  and 
connected  with  the  main  nebula,  were  well  shown  in  ten  min- 
utes. 

Another  planetary  nebula  which  has  been  photographed  is  G. 
C.  4964.  Eight  images  were  obtained  on  the  same  plate  by 
slightly  changing  the  position  of  the  plate-holder  between  the 
exposures,  which  ranged  from  two  minutes  to  one  second.  The 
images  which  received  exposures  of  one  minute,  thirty  seconds, 
and  twenty  seconds  respectively,  were  the  best,  A  weak  image, 
in  which  the  central  star  was  just  visible,  was  produced  in  two 
seconds,  and  a  bare  trace  of  the  nebula  was  visible  at  the  place 
where  the  exposure  was  one  second. 

The  planetary  nebula  in  Draco,  G.  C.  4373,  has  also  been 
photographed,  with  quite  similar  results;  and  small  nebula 
discovered  by  Professor  Barnard  near  the  star  Metope  is  dis- 
tinctly shown  on  a  negative  of  the  Pleiades  which  was  exposed 
for  thirty  seconds. 

The  photographic  power  of  the  reflector  which  is  illustrated  in 
the  foregoing  examples  is  very  advantageous  in  the  case  of  ob- 
jects which  are  of  very  unequal  brightness,  as  a  very  full  light- 
action,  and  consequently  softening  of  contrasts,  is  obtained  with 
a  comparatively  short  exposure.  If,  for  instance  a  plate  is  ex- 
posed for  ten  minutes  to  such  an  object  as  the  ^reat  cluster  in 
Hercules,  and  rather  strongly  developed,  a  negative  is  obtained 
which  shows  very  distinctly  all  the  brighter  stars.  If  the  plate 
is  exposed  for  two  hours,  and  is  then  very  lightly  developed,  the 
brighter  stars  appear  much  as  helore,  but  the  swarms  of  minute 
stars,  to  which  a  globular  cluster  seems  to  owe  its  nebulous 
aspect,  also  appear  on  the  plate,  so  that  the  photograph  closely 
represents  the  appearance  of  the  cluster  as  seen  in  a  large  tele- 
scope.    On  a   photograph  of  the  cluster  in  Hercules,  made  with 
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the  Crossley  reflector  on  Joly  13th,  with  an  exposure  of  two 
hoars,  over  5,400  stars  were  counted  within  the  h'mits  of  the 
cluster.  The  average  diameter  of  a  star  disc  is  3". 5.  A  discus- 
sion of  stars  in  the  cluster,  as  shown  b;  this  photograph,  has 
been  made  by  Mr.  Palmer. 

With  exposures  of  four  hours,  stars  and  nebulfe  are  photo- 
graphed which  are  far  beyond  the  range  of  the  36-inch  refractor. 
On  one  plate  (314  x  4^4  in.)  sixteen  new  nebulee  were  found.  It 
would  be  easy  vrith  this  instrument  greatly  to  increase  the  num- 
ber of  known  nebulee;  but  the  discovery  of  new  nebulae,  all  of 
which  would  necessarily  be  faint,  seems  to  be  much  less  im- 
portant than  the  gain  of  further  informiition  about  nebulae  al- 
ready known.  For  this  reason  no  search  has  been  made  for  new 
objects,  though  a  catalogue  will  be  made  in  due  time  of  those 
which  have  been  found  in  the  course  of  other  investigations." 


REPORT  ON  PROGRESS  IN  NON-EUCLIDBA.N  GEOMETRY.* 

GEORGB  BRUCB  HALSTED. 

"Projective  Geometry  proper,"  says  Russell,  "does  not  employ 
the  conception  of  magnitude." 

Now  it  is  in  metrical  properties  alone  that  non-Euclidean  and 
Euclidean  spaces  differ.  The  distinction  between  Euclidean  and 
non-Euclidean  geometries  so  important  in  metrical  investiga- 
tions, disappears  in  projective  geometry  proper.  Therefore  pro- 
jective geometry  deals  with  a  wider  conception,  a  conception 
which  includes  both,  and  neglects  the  attributes  in  which  they 
differ.  This  co.iception  Mr.  Russell  calls 'a  Jorm  of  externality.' 
It  follows  ihat  the  assumptions  of  projective  geometry  must  be 
the  simplest  expression  of  ihe  indispensable  requisites  of  all 
geometrical  reasoning. 

Any  two  points  uniquely  determine  a  line,  the  straight.  But 
any  two  points  and  the  straight  are.in  pure  projective  geometry, 
utterly  indi^inguisliable  from  any  other  point  pair  and  their 
straight.  It  is  ol  the  essence  of  metric  geometry  that  two  points 
shall  comjiletely  determine  a  fipntial  quantity,  the  sect  (German 
strecke).  If  Mr.  Russell  iiad  used  for  this  fundfimental  spatial 
magnitude  this  name,  or  aity  name  but  'distance,'  his  exposition 
would  have  gained  wonderluily  iii  clearness.  It  is  a  niislortune 
to  use  the  already  overworked  and  olten  misused  word  'distance' 
*  CuntiDued  rri'Di  page  523. 
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as  a  confounding  and  confusing  designation  for  a  sect  itself  and 
also  the  measure  of  that  sect,  whether  bjsuperposition, ordinary 
ratio,  indeterminate  as  depending  on  the  choice  of  a  unit;  or  by 
projective  metrics,  indetenninate  as  depending  on  the  fixing  of 
the  two  points  to  be  taken  as  constant  in  the  varying  cross 
ratios. 

That  Mr.  Russtll's  chapter  'A  Short  History  of  Metageometry,' 
contains  all  the  stock  errors  in  particularly  irritating  form,  and 
some  others  peculiarly  grotesque,  I  have  pointed  out  in  extenso, 
in  Science,  Vol.  VI.,  pp.  478-491.  Nevertheless  the  book  is  epoch- 
making.  It  finds  '"that  projective  geometry,  vi-hich  has  no  refer- 
ence to  quantity,  is  necessarily  true  ol  any  lorm  of  externality. 
In  metrical  geometry  is  an  empirical  element,  arising  out  of  the 
alternatives  o(  Euclidean  and  non-Euclidean  space." 

One  of  the  most  pleasing  aspects  of  the  universal  permanent 
progress  in  all  things  non-Euclidean  is  the  making  accessible  of 
the  original  masterpieces. 

The  marvellotis 'Tentamen' ol  Bolyai  Farkas,  as  Appendix  to 
which  the  'Science  Absolute'  of  Bolyai  JAnos  appeared,  a  book 
so  rare  that  except  ray  own  two  copies,  1  know  ot  no  copy  on  the 
Western  Continent,  a  book  which  has  never  been  translated,  a 
field  which  has  lain  fallow  for  sixty-five  years,  is  now  being  re-is- 
sued in  sumptuous  quarto  form  by  the  Hungarian  .\cademy  of 
Sciences.  The  first  volume  appeared  in  1897,  edited,  with  sixty- 
three  pages  of  notes  in  Latin,  by  Konig  and  R^thy  of  Budapest. 
Professor  Wthy.  whom  1  had  the  pleasure  of  meeting  in  Kolozs- 
v^r,  tells  me  the  second  volume  is  in  press,  and  he  is  working  on 
It  this  summer. 

Bolyai  Fjirkas  is  the  forerunner  of  Helmhollz,  Riemann,  Lie, 
though  one  would  scarcely  expect  it  from  the  poetic  exaltation 
wiih  wliich  he  begins  his  great  work.  "Lectori  salutem  I  Scarce 
superficially  imbued  with  the  rudiments  of  first  principles,  of  my 
own  accord,  without  any  other  end,  but  led  by  internal  thirst  for 
truth,  seeking  its  very  fount,  as  yet  a  beardless  youth,  I  laid  the 
foundations  of  this  '  Tentamen.' 

"Only  fundamental  principles  is  it  proposed  here  so  to  present, 
that  Tyros,  to  whom  it  is  not  given  to  cross  on  light  wings  the 
abyss,  and,  pure  spirits,  glad  of  no  original,  to  be  borne  up  in 
airs  scarce  respirabie,  may,  proceeding  wiih  firmer  step,  attain 
to  the  heights. 

"You  may  have  pronounced  this  a  thankless  task,  since  lofty 
genius,  above  the  windings  of  the  valleys,  steps  by  the  Alpine 
peaks;  but  trulv  everywhere  are  present  gordian  knots  needing 
swords  of  giants.    Nor  for  these  was  this  written. 
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"Forsooth  I  wish  the  youth  by  my  example  warned,  lest  hav- 
ing  attacked  the  labor  of  six  thousand  years,  alotie,  they  wear 
away  life  in  seeking  now  what  long  ago  was  found.  Gratetully 
learn  first  what  predecessors  teach,  and  after  forethought  build. 
Whatever  of  good  comes,  is  antecedent  term  of  an  infinite 
series." 

His  analysis  of  space  starts  with  the  principle  of  continuity: 
spatium  est  quantitas,  est  continuum  (p.  442).  This  Euclid  had 
used  unconsciously,  or  at  least  without  specific  mention;  Rie- 
roann  and  Helmholtz  consciously.  Second  comes  what  he  calls 
the  axiom  of  congruence,  p.  444,  S  3,  "corpus  idem  in  alio  quo- 
que  loco  videnti,  qutestio  succurrit:  nam  loca  ejusdem  diversa 
tequaila  sintP    Intuitus  ostendit,  squalia  esse." 

Riemann  :  "Setzt  man  voraus,  dass  die  Korper  unabhangig 
von  Ort  existieren,  so  ist  das  Knimmungsmass  uberall  con- 
stant."   See  also  the  second  hypothesis  of  Helmholtz. 

Third,  any  point  may  be  moved  into  any  other;  the  free  mo- 
bility of  rigid  bodies.  If  any  point  remains  at  rest  any  region  in 
which  it  is  may  be  moved  about  it  in  innumerable  ways,  and  so 
that  any  point  other  than  the  one  at  rest  may  recur.  If  two 
points  are  fixed,  motion  is  still  possible  in  a  specific  way.  Three 
fixed  points  not  costraight  prevent  all  motion  (p.  446,  S  5). 

Thus  we  have  the  third  assumption  of  Helmholtz,  combined 
with  his  celebrated  principle  of  Monodromy. 

Bolyai  Farkas  deduces  from  these  asumptions  not  only  Euclid 
but  the  non-Euclidean  systems  ot  his  son  Jdnos.  referring  to  the 
approximate  measurements  of  astronomy  as  showing  that  the 
parallel  postulate  is  not  sufficiently  in  error  to  interfere  with 
practice  (p.  489).  This  is  just  what  Riemann  and  Helmholtz 
afterward  did,  only  by  casting  off  also  the  assumption  of  the  ia- 
fiaity  of  space  they  got  also  as  a  possibilttv  for  the  universe  an 
elliptic  geometry,  the  existence  of  a  case  of  which  independently 
of  parallels  was  first  proven  by  Bolyai  JAnos  when  he  proved 
spherics  independent  of  Euclid's  assumption.  So  if  Sophus  Lie 
had  ever  seen  the  '  Tcntamen,"  he  might  have  called  his  great  in- 
vestigation the  Holyai-Farkas  Space  Problem  instead  of  the 
Riemann  Helmhiiltz  Space  Problem. 

The  first  volume  of  the  'Tentamen'  as  issued  by  the  Hungar- 
ian Academy  does  not  contain  the  famous  appendix.  But  in 
1897.  Franz  Schmidt,  that  heroic  figure,  ever  the  bridge  between 
J^nos  and  the  world,  issued  at  Budapest,  the  Latin  text  of  the 
Science  Absolute,  with  a  biography  of  Bolyai  |anos  in  Magyar, 
and  a  Magyar  translation  of  the  text  by  Sutdk  J6zsef. 
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Straagel;  enough,  though  the  Appendix  had  been  translated 
into  German,  French,  Italian,  English,  and  even  appeared  in 
Japan,  yet  no  Hungarian  rendering  had  ever  appeared.  '  It  was 
Franz  Schmidt  who  placed  the  monument  over  the  forgotten 
grave  of  JSnos,  only  identified  because  there  still  lived  a  woman 
who  had  loved  him.  Now  in  this  Magyar  edition  he  rears  a 
second  monument.  The  introduction  by  Sotdk  is  particularly 
able. 

The  Russians  have  honored  themselves  by  the  great  Lo- 
bacb^vski  Prize;  why  does  not  that  glorious  race,  the  Magyars, 
do  tardy  justice  to  their  own  genius  in  a  great  Bolyai  Prize  ? 

One  other  noble  thing  the  Hungarian  Academy  of  Science  has 
just  achieved,  the  publication  in  splendid  quarto  form  of  the  cor- 
respondence between  Gauss  and  Bolyai  Farkas;  (Briefweehsel 
zwischen  Carl  Friedricb  Gauss  und  Wolfgang  Bolyai).  It  was 
again  Franz  Schmidt,  who  after  long  endeavors,  at  last  ob- 
tained this  correspondence  from  the  Foyal  Society  of  Sciences  at 
Gottingen,  where  Bolyai  had  sent  the  letters  of  Gauss  at  his 
death.  The  Correspondence  is  fitly  edited  by  Schmidt  and 
Staeckel.  It  gives  us  a  romance  of  pure  science.  Gauss  was  the 
greater  mathematician;  Bolyai  the  nobler  soul  and  traer  friend. 
On  April  10,  1816,  Bolyai  wrote  to  Gauss  giving  a  detailed  ac- 
count of  his  son  Jdnos,  then  fourteen  years  old;  and  unfolding  a 
plan  to  send  Jdnos  in  two  years  to  Gottingen,  to  study  under 
Gauss.  He  asks  if  Gauss  will  take  JAnos  into  his  house,  of 
coarse  for  the  usual  remuneration,  and  what  J^nos  shall  study 
meanwhile.  Gauss  never  answered  this  beautiful  and  pregnant 
letter,  and  never  wrote  again  for  sixteen  years!  Had  Gauss  an- 
swered that  letter  Gottingen  might  now  perhaps  have  to  boast  a 
greater  than  Gauss,  for  in  sheer  genius,  in  magnificent  nerve, 
Bolyai  J4nos  was  unsurpassable,  as  absolute  as  his  science  of 
space.  But  instead,  be  joined  the  Austrian  army,  and  the 
mighty  genius  which  should  have  enriched  the  transactions  of 
the  greatest  of  learned  societies  with  discovery  after  discovery  in 
accelerating  quickness,  preyed  instead  upon  itself,  printing  noth- 
ing but  a  brief  two  dozen  pages. 

Almost  to  accident  the  world  owes  the  admirable  volumes  in 
which  Staekel  and  Engel  contribute  such  priceless  treasures  to 
the  non-Euclidean  geometry.  An  Italian  Jesuit,  P.  Manganotti, 
discovered  that  one  of  his  order,  the  Italian  Jesuit  Saccheri,  had 
already  in  1733  published  a  series  of  theorems  which  the  world 
bad  been  ascribing  to  Bolyai.  Thereupon,  in  1889,  E.  Beltrami 
published  in   the  Atti  della   reals  Accademia  dei  Z,ince/,  Serie  4, 
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Vol.  v.,  pp.  441-448,  a  note  entitled  '  Un  Precnrsore  italiaoo  di 
Legendre  e  di  Lobatscbewski,'  giving  extracts  from  Saccberi's 
book  wbicb  abundantly  proved  tbe  claim  of  Manganotti. 

In  tbe  same  year,  1889,  E.  d'Ovidio.in  the  Torino  Atti,  XXIV., 
pp.  512-513,  called  attention  to  this  note  in  anotber  entitled, 
Cenno  sulla  Nota  del  prof.  E.  Beltrami:  "Un  Precnrsore,  etc., 
expressing  the  wish  that  P.  Manganotti  would  by  a  more  ample 
discussion  rescue  Saccberi's  work  from  unmerited  oblivion. 
Staeckel  says  the  thought  then  came  to  bim,  whether  Sac- 
cberi's work  were  not  a  link  in  a  chain  of  evolution,  tbe  genesis 
of  tbe  non-Euclidean  geometry. 

In  1893,  at  tbe  International  Mathematical  Congress  at  Chi- 
cago, in  the  discussion  which  followed  ray  lecture. '  Some  Salient 
Points  in  the  History  ot  Non-Euclidean  and  Hyper-Spaces,' 
wherein  I  gave  an  account  of  Saccheri  with  description  of  his 
book  and  extracts  from  it,  Professor  Klein,  who  had  never  before 
heard  of  Saccheri,  and  Professor  Study,  of  Marburg,  mentioned 
that  there  had  recently  been  brought  to  light  an  old  paper  of 
Lambert's  anticipating  in  points  the  non-Euclidean  geometry, 
and  named  in  connection  therewith  Dr.  Staeckel.  I  at  once 
wrote  to  bim  and  published  in  the  Bulletin  of  the  New  York 
Math.  Soc.,  Vol.  III.,  pp.  79  80,  1893,  a  note  on  Lambert's  non- 
Euclidean  geometry,  mentioning  Staeckel's  purpose  to  republish 
Lambert's  paper  in  the  Abhandlungen  ot  the  Leipziger  Gesell- 
schaft  der  Wissenscbaften.  But  after  this,  in  January,  1894, 
Staeckel  formed  the  plan  to  make  of  Saccben  and  Lambert  a 
book,  and  associating  with  bim  his  friend  Friedrich  Engel,  they 
gave  the  world  in  1895,  ■  Die  Theorie  der  Farallelinien,  eine  Urk- 
undensammlung  zur  Vorgcschich te  der  nichteuklidischen  Geomet- 
ric' Strengthened  by  the  universal  success  ol  this  book,  they 
planned  two  volumes  in  continuation.  Staeckel  takes  tbe  vol- 
ume devoted  to  Bolyai  J^nos  and  bis  lather.  It  is  to  begin  with 
a  more  complete  life  of  the  two  than  has  yet  appeared,  of  course, 
from  material  furnished  largely  by  Franz  Schmidt, 

Then  follows  the  'Theoria  parallelarum'  of  Bolyai  Farkas.  in- 
teresting as  proving  that  in  1804  Gauss  was  still  under  tbe  spell 
of  Euclid. 

Then  is  to  follow  tbe  Latin  text  of  tbe  immortal  Appendix 
with  a  German  translation.  Next  comes  in  German  translation 
selections  from  tbe  "Tentamen,"  The  book  concludes  with  the 
geometric  part  of  'Kuizer  Grundriss,'  the  only  one  of  the  Bol- 
yai's  works  printed  originally  in  German.  This  volume  is  nearly 
published  and  may  be  expected  in  a  few  weeks.    The  volume  un- 
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dertakea  by  Bngel  has  just  appeared  (1899).  It  is  a  German 
translation  of  Lobach€vski's  first  published  paper  (1829),  'On 
the  Principles  of  Geometry,'  and  also  of  his  greatest  work,  '  New 
Elements  of  Geometry,  with  Complete  Theory  of  Parallels.' 
Only  from  the  'New  Elements'  can  any  adequate  idea  be  obtained 
of  the  height,  the  breadth,  the  depth  of  a  Lobachevski's  achieve- 
ment in  the  new  universe  of  his  own  creation. 

Of  equal  importance  is  the  fact  that  Engel's  book  gives  to  the 
world  at  last  a  complete,  available  text-book  of  non-Euclidean 
geometry.     There  is  no  other  to  compare  with  it. 

For  the  history  of  non- Euclidean  geometry  we  have  the  admir- 
able Chapter  X.,  of  Loria's  pregnant  work, '  II  passato  ed  il  pre- 
seote  delle  principal!  teorie  geometriche.'  This  chapter  cites 
about  80  authors,  mostly  of  writings  devoted  to  non-Euclidean 
geometry. 

In  my  own  'Bibliography  of  hyper-space  and  non-Euclidean 
geometry,'  in  the  American  Journal  of  Mathematics,  (1878),  I 
gave  81  authors  and  174  titles.  This,  when  reprinted  in  the 
Collected  Works  of  Lobach^vski  (Kazan,  1886),  gives  124  au- 
thors and  272  titles. 

Roberto  Bonola  has  just  given  in  the  Bokttino  di  Btiograda  e 
Storia  delta  Scienze  Maiematicbe  (1899),  an  exceedingly  rich  and 
valuable  '  Bibliograiia  sui  Fondamenti  della  Geometria  io  relazi- 
one  alia  Geometria  Non-Euclidea,'  in  which  he  gives  353  titles. 

This  extraordinary  output  of  human  thought  has  henceforth 
to  be  reckoned  with.  Hereafter  no  one  may  neglect  it  who  at- 
tempts to  treat  of  fundamentals  in  geometry  or  philosophy. 

AusTi.-*,  Texas,  Aug.  14,  1899. 


OBSERVATIONS  OF  THE  BIBLIDS  OP  1889. 


Arrangements  had  been  made  at  this  Observatory  to  observe 
the  Andromid  meteors  from  the  22d  to  the  27th  of  Nov.,  but  a 
densely  clouded  sky  interfered  with  the  work  until  shortly  after 
seven  o'clock  on  the  evening  of  the  24th,  when  the  clouds  broke 
and  cleared  away  entirely  in  the  course  of  half  an  hour.  Obser- 
vation was  then  begun  by  the  writer,  assisted  during  a  part  of 
the  evening  by  two  of  the  students  in  astronomy,  and  the  fol- 
lowing data  were  obtained,  (The  times  are  on  the  90th  stand- 
ard meridian;  Longitude  S""  52"  55',) 
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ol     tBin  'Aodro-       per 

8    09  I    22    I    110     SltT  clear.    6th  maen.  stars  visible. 

23  I 

8    23  I    14    ,      56     Sky  clear. 

38  I 

8    3S  12     '       52     Getting  cloud  J  in  the  north  at  8°  SO" 

52  i 

8  52  08    '       32    ISIty  hazj  and  partly  cloudy. 

9  07  i 

9    07  08    I       32     Sky  more  than  half  cloudy. 

22  I 

9    36  28           37     Quite  cloudy  g"- 35--50"'.   Fairlyclear  ft"  50'--10'' 10-. 

10  21  Unly  stars  ol  first  three  maf;iiitndea  Tiaible  at  10i>  lO""- 

20"".  Clauds  becoming  deaser.watcb  was  discontinued. 

1 1  06  24           41      Sky  clear,  seeing  fine. 


In  addition  to  these  results  may  be  mentioned  a  count  of 
about  ten  minutes  duration  (as  well  as  could  be  estimated), 
shortly  before  eight  o'clock,  which  gave  twenty  meteors. 

The  third  column  of  the  above  table  shows  that,  in  the  part  of 
the  swarm  encountered  by  the  Earth  between  half  past  seven 
o'clock  and  midnight,  the  density  decreases  quite  markedly. 
The  ratio  of  frequency  from  the  first  and  second  counts  or  from 
the  first  and  third,  is  nearly  as  two  to  one,  while  comparison  of 
the  first  and  last  makes  the  ratio  about  three  to  one.  It  is  to  be 
noted  that  these  four  counts  were  made  with  a  clear  sky  and 
good  seeing  in  each  case.  The  clouds  rising  in  the  north  at  8" 
50™  did  not  interfere  with  the  third  count. 

An  approximate  location  of  the  radiant,  from  5  carefully 
charted  trails,  gave  its  position  at  a  point  about  2°  from  y  An- 
drom.  on  a  line  toward  a  Cassiop.  This  is  for  the  centre  of 
what  seemed  to  be  a  diffuse  area. 

The  magnitudes  and  colors  of  individual  meteors  all  of  which 
are  Andromids  are  given  in  the  following  summary : 

Magnitude-  —3—2—10123456 

Number  of  Meteors-  1         1         0      2     3   14   36  33  18  10 

Color—  White       Yellow        Blue 

Number  of  Meteors—  48                45             10 

The  small  number  of  faint  meteors  seen  is  undoubtedly  due  to 
the  fact  that  the  sky  was  hazy  or  partly  cloudy  during  more 
than  half  the  time  of  observation. 

Note. — A  remarkable  meteor,  which  swept  entirely  across  the 
sky,  was  seen  at  8''  30™  50*,  90th  meridian  time.  It  started 
from  a  point  in  Gemini,  nearly  due  east  and  about  20°  above  the 
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horizon,  and,  following  approximately  the  ecliptic,  disappeared 
when  at  an  altitude  of  20"  and  10°  south  of  west.  The  meteor 
moved  quite  deliberately,  leaving  a  broad,  vividly  blue  trail,  per- 
sisting about  five  seconds.  The  head  was  yellow,  of  a  magni- 
tude estimated  at  about  —  4,  and  seemed  to  pass  quite  close  to 
the  observer,  so  that  sparks  could  be  seen  streaming  back  from 
it. 

The  meteor  was  undoubtedly  a  Leonid,  since  it  came  directly 
from  that  point  in  the  horizon  where  Leo  was  about  to  rise. 

w.  c.  brenke. 

University  of  Illinois, 
Dec.  13,  1899. 


THB  FAILURE  OP  THE  LEONIDS  IN  1899. 


In  the  December  number  of  the  Observatory  (English),  page 
433.  a  brief  account  appears,  giving  some  reasons  why  the  great 
shower  of  the  Leonids  which  had  been  quite  generally  and  con- 
6dently  expected  was  believed  to  be  less  certain  than  supposed 
as  the  time  of  the  display  drew  near.  From  this  article  it  is 
learned  that  Dr.  Johnstone  Stoney  as  early  as  November  10  gave 
before  the  Royal  Astronomical  Society  the  result  of  further  re- 
searches which  made  the  prediction  of  the  time  for  the  shower 
less  certain  than  the  conclusions  he  had  reached  and  published 
some  seven  or  eight  months  before,  in  which  he  claimed  that  the 
shower  would  probably  take  place  November  15  18''.  On  Nov. 
14,  Dr.  Stoney  published  a  letter  in  the  "  London  Times  "  which 
gave  some  of  the  reasons  for  a  less  degree  of  certainty  in  regard 
to  the  time  of  prediction.  In  as  much  as  Dr.  Stoney  and  Mr. 
Downing  were  largely  responsible  for  the  predictions  that  ap- 
peared early  in  the  year,  the  letter  referred  to  above  is  impor- 
tant, and  the  abstract  of  it  which  appeared  in  the  Observatory 
is  given  below; 

"  During  the  great  shower  of  1866,  the  position  of  the  point  of 
the  heavens  from  which  the  meteors  appeared  todivergewasvery 
carefully  observed,  and  this  determination,  combined  with  what 
Professor  Newton  had  brought  to  light,  enabled  the  late  Profes; 
sor  J.  C.  Adams  to  make  one  of  the  most  brilliant  astronomical 
discoveries  of  the  present  century — viz.,  the  discovery  of  the  ac- 
ttial  orbit  within  the  solar  system  which  was  being  traversed  by 
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the  meteors  which  are  situated  in  the  neighborhood  of  that  part 
of  the  stream  through  which  the  Earth  passed  in  1866. 

"  The  actual  shift  of  the  node — that  is,  the  amount  by  which  the 
meteoric  orbit  has  moved  sideways  along  the  Earth's  orbit — has 
had  considerably  more  than  three  times  its  average  amount  in 
consequence  of  the  intense  perturbation  to  which  the  meteors 
have  been  subjected  within  the  last  33  years;  and  this  is  not  the 
only  respect  in  which  Adam's  orbit  has  been  removed'from  the 
position  in  which  he  found  it  m  1866.  This  meteoric  orbit  then 
intersected  the  Earth's  orbit.  It  has  since  been  forced  away  from 
the  Earth's  orbit  by  the  disturbing  action  of  the  planets,  chiefly 
of  the  great  planets  Jupiter  and  Saturn.  In  ihe  position  which 
it  now  occupies  the  Earth  will  pass  closest  to  it  upon  next  Thurs- 
day morning,  at  about  6  o'clock  a.  m.;  and  Adams'  meteoric  or- 
bit will  then  be  as  much  as  1,300,000  miles  distant  from  the 
Earth's  orbit,  that  is  more  than  five  times  further  off  than  the 
Moon. 

"This  would  be  quite  enough  to  carry  the  stream  of  meteors 
quite  clear  of  the  Earth  if  that  stream  were  a  mere  cylindrical 
stream  like  a  thread  traveling  lengthwise  through  space.  But 
the  in%'estigations  which  we  have  had  to  make  have  brought  to 
light  the  important  fact  that  the  stream  where  it  pierces  the 
plane  of  the  Earth's  orbit  is  not  like  a  thread  but  more  like  a 
long  piece  of  strap  or  tape  traveling  forwards  in  the  direction  of 
its  length— in  other  words,  the  stream  is  very  much  wider  than  it 
is  thick.  Its  thickness  is  known,  from  the  duration  of  the  mete- 
oric showers,  to  be  about  100,000  miles;  but  all  that  is  known 
of  its  width  is  that  it  is  much  more.  We  shall  probably  not  be 
far  wrong  if  we  estimate  it  as  being  three  or  four  millions  of 
miles.  This  very  wide  and  comparatively  thin  stream  of  meteors 
passes  obliquely  through  the  plane  of  the  Earth's  orbit,  and  the 
part  of  the  plane  through  which  it  passes  has  obviously  the 
shape  of  a  long  oval  or  rectangle.  We  know  where  one  point  in 
this  oval  is  at  present— namely  the  point  spoken  of  above  where 
Adams'  orbit  pierces  the  plane  of  the  Earth's  orbit — a  point 
which,  as  we  have  seen,  will  be  1,300,000  miles  nearer  to  the  Sun 
than  the  position  which  the  Earth  will  reach  at  6  a,  m.  on  next 
Thursday  morning.  Unfortunately  we  do  not  know  the  length 
of  the  longer  axis  of  the  oval  section,  nor  its  position,  further 
than  that  its  direction  originally,  that  is,  17  centuries  ago,  lay 
perpendicular  to  the  Earth's  orbit,  and  that  it  has  since  been 
very  slowly  shifted  by  perturbations  into  a  position  which  slopes 
towards  a  part  of  the  Earth's  orbit  which  the  Earth  will  reach 
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sooner  than  6  o'clock  A.  M.  on  Thursday  morning.  When  the 
shower  of  this  year  takes  place,  if  there  is  one  of  the  great  show- 
ers this  year,  we  shall  know  from  the  time  of  its  occurrence  how 
much  the  oval  section  has  turned  out  of  its  original  position. 
Meanwhile  we  can  only  say  that  the  shower  is  to  be  expected  be- 
fore 6  A.  M.  on  Thursday,  probably  some  hours  earlier,  and  pos- 
sibly, but  not  probably,  so  much  earlier  that  the  beginning  of 
the  shower  may  be  seen  from  our  side  of  the  Earth  before  dawn 
on  Wednesday  morning,  It  is,  however,  more  likely  to  come  dur- 
ing the  daytime  or  evening  of  Wednesday,  in  which  case  it  will 
not  be  seen  in  England,  or  after  10:30  P  M.  on  Wednesday  even- 
ing, in  which  case  it  will  be  visible  if  the  weather  permit." 

In  the  last  issue  of  this  journal  we  gave  a  number  of  re- 
ports of  observers  who  watched  the  November  Leonids,  with 
charts  showing  the  work  done.  We  now  give  considerable  more 
space  to  the  continuance  of  these  reports. 

LlWKIDS  AT   NORTHPIELD,    MiKN. 

Tbe  Astronomy  class  a.t  Carleton  College,  Northtield,  Minn.,  conusting  of 
twenty  members,  particiiiated  in   the  observations  of  the  Leonid  r 
15, 17"  to  22''  1899,  Greenwich  M.  T.  Tbe  following  table  gives  the  t 
brightness  of  individual  meteors  us  observed  by  students. 


No. 

G.  M.T, 

M.. 

No. 

.T. 

Mag. 

|». 

G.  M.T. 

M.8. 

b    » 

t 

„ 

1 

h    m 

\ 

\\     ^ 

!l 

'9 
■9 

46 

"1 

20  39 

'S  33 

11 

19 

47 

s 

■  9  17 

■  9  i; 

13 
'4 

20 

7 

^3  1 

21   19 

21   2$ 

19  26 

9 

7 

19  J7 

9 

.  25  1 

21   51 

'7 

9 

12   30 

9 

19  29 

20 

21 

^ 

1 

At  no  time  was  the  sky  entirely  clear  durinf;  the  ni^ht  watch.  It  was  partly 
clouded  or  covered  witb  haze  so  tbat  it  was  difficult  to  see  any  meteors  except 
for  the  brief  time  they  were  brightest.  AM  trails  were  therefore  short  and  cor- 
respondingly uncertain  in  direction.  If  we  add  to  this  the  strong  moonlight,  it 
is  at  once  evident  how  unsatisfactory  the  observations  were. 
Leonids  at  Babrb  Center,  N.  Y. 

On  the  morning  of  the  14th  tbe  heavens  were  cloudy,  but  on  the  morning  of 
tbe  15th  in  a  clear  sky  from  1  a.  m.  to  4  A.  M.  I  chart^  nineteen  meteors,  the 
most  of  which  could  be  traced  from  tbe  Sickle  in  Leo,  their  flight  was  generally 
very  rapid,  with  exception  of  two,  which  first  appeared  very  near  Gamma 
Leonis  both  were  very  bright  with  short  trails  and  one  of  these  showed  a  very 
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perceptible  carve.  In  no  ca»e  could  any  be  aaid  to  exceed  the  Becond  magnitade. 
At  1:30  A.  H.  a  very  large  meteor  far  exceeding  the  brilliancy  of  VeniiB  at  her 
greatest  with  a  beavj  luminous  train  at  a  ftuw  rate  of  motion  was  seen  to 
emerge  from  Ursa  Major  and  travel  eastward  disappearing  low  in  the  horizon. 
I  again  on  the  16tb  and  17th  at  midnight  resumed  my  watching  till  abont  fonr 
o'clock  in  the  morning,  but  in  neither  case  waa  a  Bingle  meteor  seen.  I  prepared 
to  photograph  the  radiant  wUb  a  wide  angle  lens  and  5x7  plate  with  camera 
attached  to  m;  8V^  inch  Brasbesr  reflector  but  as  no  meteors  were  seen  I  aban- 
doned the  work.    I  enclose  the  chart  of  meteors  as  seen. 

WESTON    V 

Babbe  Center,  N.  Y.  Not.  19,  1899. 


tiHG  THE  Leonid  Shower. 
Not.  15,  1S99, 17»— 22><  Greenwich  M.  T.,  by  atndenta  at  Goodsell  Obserra- 
tory,  Carleton  College,  NorthGcld,  Minn. 
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Mbtbobs  Charted  during  trb  Leonid  Showbr. 

U.  T.,  by  Mr.  Westoo  Wetherbee  at 

Leonids  at  Crete,  Neb. 

ObaervatioiiB  of  the  Leonid  meteors  were  made  snccessrully  from  tbis  place 
on  the  nigbts  of  Tneaday,  Not.  14:,  and  Tharaday,  Not.  16.  On  Monday  and 
Wednesday  nights  it  was  cloudy  as  was  also  the  case  for  about  three  hours  after 
midnigbt  of  Thursday.  No  careful  work  was  done  on  Friday  night  but  a  few 
Leonids  were  reported  as  seen  by  casual  obserTcrs. 

A  considerable  number  of  the  students  of  Doaoe  College  volunteered  their  as- 
•istance  for  the  work  and  the  corps  of  obserTers  were  giTen  detailed  instraction 
in  adTance  in  order  to  secure  as  satisfactory  resnlts  as  possible.  In  general  the 
suggestion  of  Professor  Wm.  H.  Pickering  as  given  in  the  September  and  October 
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B  LEON'FD  Showeh. 

Nov.  14.  IS'  30"°-24''  Greenwich  M.  T.,  by  Profes^r  Henry  H.  Hoaford  and 
students  at  Bcsmell  Observatory.  Doane  College.  Crete.  Neb. 

number  of  Popular  Astbosomv  weie  followed.  It  was  srranefd  that  the  ob- 
servers should  work  in  eels  o(  three.  In  each  set  one  person  was  to  keep  an  ac- 
curate count  of  all  meteors  seen,  recording  the  number  for  each  t[uarlcr  hour;  the 
second  observer  was  to  plat  on  the  chart  all  meteors  whose  paths  mere  accu- 
rately determined,  recording  the  exact  time  when  each  was  seen  and  other  mat- 
ters of  interest;  the  third  person  was  to  act  as  time-keeper,  comparing  his  watch 
each  hour  with  the  Observatory  clock. 

On  Tuesday  nigbl  for  about  two  hours  after  midnight  the  sky  was  partially 
covered  with  light,  filmy  clouds  which  doubtless  prevented  the  observers  from 
seeing  many  of  the  less  bright  meteors.    As  the  sky  became  clear  the  nnmber  of 
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QKteora  smd  was  mnch  grcktcr.  The  increaae  was  e«prda)Iy  noticcBble  as  the 
Mood  sank  toward  the  wcatcrn  horizon  and  was  obscured  by  clonds.  The  total 
nmnber  of  meteors  counted  on  Taesdaj  night  was  19S,  of  which  5.1  were  platted 
as  abown  on  the  accomDanying  chart.  Many  are  noted  as  showing  trains  per- 
Mstinff  for  a  few  seconds  and  BCTCn  were  thought  to  follow  a  slightly  curved 
path.  In  no  case  was  a  meteor  Ken  to  explode,  to  change  its  course  abrnptl.v  or 
to  leave  a  train  persisting  for  more  than  a  Tew  seconds.  The  chart  shows  six 
meteora  which  were  quite  certainly  not  Leonids  and  as  many  more  are  donbtfnl. 

Several  photOKrapha  were  taken  Tuesday  night  by  a  camera  moantcd  on  the 
eqnatorial  telescope  but  no  meteor  traits  were  shown  on  the  plates. 

The  total  nnmber  of  meteors  counted  on  Thursday  night,  Nov.  16,  between 
13*  and  IS""  30"  was  30,  Two  of  these  were  not  Leonids.  Details  of  the  count 
are  given  in  the  folio  wing  table: 


Date. 

No 

State  of  Skj. 

D.tc. 

No. 

swt«  of  skj. 

Nov.  14. 

Nov.  14. 

12:30-12:45 

0 

Hazy.  Moon  shining. 

17:30-17:45  26  Clear. 

12:46-13:00 

3 

17:45-18:00   19,    " 

13:00-13:15 

1 

Nov.  16. 

13:15-13:30 

1 

15:05-15:15     0 

K  Cloudy.  Moonlight 

13:30-13:45 

2 

15:16-15:301    1 

13:45-14.00 

7 

Cloudy. 

15:30-15:45 

1 

Clearing. 

l*:0O-14:15 

6 

Light  haze. 

16:45-16:00 

1 

14:15-14:30 

0 

Clear. 

16:00-16:15 

3 

Clear. 

14:30-14:45 

6 

16:15-16:30 

1 

14:45-15:00 

8 

16:30-16:46 

2 

15:00-15:15 

8 

16:46-17:00 

3 

15:15-15:30 

9 

17:00-17:15 

5 

16:30-15:46 

8 

17:15-17:30 

4 

15:45-16:00 

e 

17:30-17:45 

5 

16:00-16:15 

7 

17:45-18:00 

3 

16:15-16:30 

6 

18:00-18:16 

0 

16:30-16:46 

9 

18:16-18:30 

1 

16:45-1 7:00 

to 

"       Moon  setting 

17:00-17:15 

21 

"       and  clonds 

17:15-17:30 

26 

in  west. 

Lbonids  at  UkivbrsitI'  Pask,  Colorado. 
The  followiag  observations  of  the  meteoric  shower  were  made  by  the  writer, 
except  on  the  night  of  Nov.  15-16,  when  they  were  made  by  a  corps  ot  volunteer 
observers.     Mountain  Time  was  used  as  the  standard : 
Nov.  13:  12:30-13:00;  no  Leonids:  clear. 
13:30-14:00;  no  Uonids;  clear. 
14:30-16:00;  one  Leonid ;  clear. 

13:30-16:00:  eight  Leonids;  Moon   has  set;  clear.    One  of   the  i\i.t\% 
maenitnde  glanced. 

16:30-17:05;  four  Leonids;  one  f.iint  one  eliincel;  clear. 
The  average  brinhtness  wasequivnlent  to  that  of  a  star  of  mate.  3  or  4. 
Nov.  14:  17:00-17:33;   eleven   Leonids:  hazw,  hut  stars  ol   mag.  5  were  visible. 
Three  oi  lour  were  brighter  than  ma:-.  1,  ao"!  no  one  was  as  faint   as 
mag.  5.    The  average  magnitude  was  3. 
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17:35-18:00;  four  Leonida;  low  lyinj?  ha«  spread  rapidly  toward  the 

Kcnitb,  and  duriDgitbe  last  five  or  tea  miantes  the  star*  in  the  Sickle 

were  barely  Tlsiblc.    One  meteor,  brighter  than  mag.  1,  daafacd  across 

the  western  sky  at  a  Leonid's  pace,  bat  its  trail,  wbicb  lasted  perhaps 

two  seconds,  passed  aboat  five  degrees  above  the  Sickle,  and  it  was  not 

coDDted  as  a  Leonid.    The  sky  was  cloudy  before  17:00;  after  that 

there  was  no  Moon. 
Not.  15 :  see  below. 
Nov.  16:  13:00-13:15;  no  Leonids;   bety  so  that  nothing  fainter  than   mag,  3 

was  visibte. 

13:30-13:45:  no  Leonids;  somewhat  clearer. 

11:00-14:15;  no  Leonids;  only  the  brightest  stars  visible.    After  this 

it  tiecame  cloudier  and  observations  were  useless. 
Nor.  17:  14:15-14:30;  no  Leonids;  observed  through  a  large  rift  in  the  clouds. 

14:45-15:00 ;  1  Leonid ;  an  area  as  large  as  I  conid  survey  was  clear. 

15:00-16:15;  cloudy. 

16:15-16:30;  no  Leonid ;  large  clear  area  of  sky. 

16:45-.17:00;no  Leonid;  sky  perfectly  clear  in  the  vicinity  of  Leo. 

17:15-17:30;  no  Leonid;  sky  cloudless. 

17:45-18:00 ;  one  Leonid ;  sky  cloudless,  but  light  because  of  approacb- 

Nov.  16.  The  observers  were  mostly  in  pairs,  one  person  observing  for  fifteen 
minutes  while  the  others  rested ;  the  two  thus  kept  a  continuous  watch  upon 
some  part  of  the  sky.  Each  pair  was  instrncted  to  face  N.,  or  N.  E.,  or  E.,  etc., 
and  to  watch  a  point  at  an  altitude  of  45"  noting  every  Leonid  seen,  and  reject- 
ing others.  Thezeaitfa  was  also  watched  by  observeia  recumbent  on  a  mattress. 
Professor  E.  B.  T.  Spencer  wasin  charge  of  those  counting;  he  rang  a  bell  at 
each  quarter  hour,  having  given  a  warning  signal  {wo  minutes  previously.  Be- 
low is  a  vcrv  condensed  summary. 

Mary  C.  Traylor  and  Grace  M.  Sater  faced  north  and  counted  five  between 
13:00  and  15:00.  Clouds  then  intervened.  Between  15:00  and  16:15  Miss 
Traylor  faced  east  and  counted  four. 

Myron  A,  Patlison  and  Guy  W.  McCreerj  faced  east  and  counted  forty-four 
between  13:00  and  16:45. 

Edward  StanlTer  and  Chns.  F.  Seicter  faced  north.east  and  counted  Rfleen  be- 
tween 13:»0  anil  15:15.  Clouds  then  came.  Between  16:00.and  16:15  Mr. 
StaulTcr  counted  one. 

Fred  Winship  and  Lovil  Winsliip  hicet)  Che  zenith  and  counted  three  between 
13:00  and  U:30.  From  14:30  to  17:00  tbe  zenith  was  mostly  cloudly  but  seven 
were  couriteiJ. 

Fred  Stover  and  Eirl  K.  Terry  faced  south-east  and  counted  sixty-fiinr  be- 
tween rj:4,'iand  l»:30.  none  beinRseen  during  the  last  fifteen  minutes. 

Earle  Blakeslee  oud  Wayne  Blanks  watched  the  zenith  between  13:00  and 
14:45  and  counted  six. 

Bertha  Brooks  and  EliseC.  Jones  faced  east  and  counted  fourteen  between 
13:00  and  17:00. 

Daniel  N  Jones  and  Brvin  N.  Edgerton  watched  the  area  bounded  by  lines 
joining  Riget,  Betelgeuse,  Sirius  and  Froeyon  Irom  13:00  to  14:45  and  saw  two 
within  the  area. 

Mr.  McReynulds  faced  suulh  and  counted  three  between  14:00  and  14:15, 
Between  14:30  and  14:45  he  saw  one. 
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Chart  op  Leonids  Drawn  dy  Jas.  B.  Westhaveb. 


9  ol  appearance  of  ten  of  the  brightest, 


Haiel  B.  Bush  noted  the  e: 
with  a  stop  watch. 

Frank  Hiller  faced  north  and  saw  two  between  13:00  and  14:15. 

Leonora  Colmer  laced  south-east  and  observed  steadily  from  13:30  to  16;45 
excepting  next  to  the  last  quarter  hour;  she  counted  thirty-three. 

The  radiant-point  was  located  by  a  drawinj;  by  James  B.  Westhaver. 

A  study  ol  the  results  shows  (1)  that  the  south-east  was  the  most  favorable 
direction  to  face.  (2)  that  few  Leonids  were  seen  before  l^**,  on  an;  night;  (3) 
that  between  14"  and  !?'■  on  the  night  of  Nut.  15-16  about  the  same  nttmber 
were  visible  in  each  quarter  hour.  (4)  that  the  average  magnitude  was  about 
3.5,  (5)  that  the  absence  of  the  Moon  did  not  materially  increase  the  number 
seen,  and  (6)  that  the  best  time  was  probably  not  later  than*  that  predicted  by 
Stonej  and  Downing,  and  may  have  been  earlier.    After  making  e 
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probable  duplicates  tbe  number  teta  at  UniTenity  Park  is  180,  ISO  of  wbicb 
came  on  tbe  momiiiK  of  Nov.  16.  For  about  a  week  prior  to  Not.  13  the  nain- 
ber  of  telescopic  meteors  seen  while  obierviaK  nebulae  with  the  20-inch  refractor 
was  about  three  everj  four  hours,  the  field  of  view  being  15' in  diameter.  This 
is  judged  to  be  at  least  three  times  tbe  ordinary  friqucncy  of  inch  objects.  But 
there  was  no  evidence  from  their  direction  that  they  were  Leonids.  Has  any  one 
ever  studied  these  telescopic  objects,  in  order  to  see  whether  they  are  the  residue 
of  nnked'Cye  meteors,  or  distinct  minute  bodies  ?  hbrbbkt  h.  anwB. 

Chambbrlin  Obsbrvatorv,  Univbrsitv  Park,  Co). 
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The  Lbonids  Uhsbrveo  at  thb  Royal  Observatohv  in  LisnoN,  Portugal, 
Nov,  12-17,  Local  M.T. 
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0BSBRYAT1ON9  AT   LlSBOK,  FOBTUGAL. 

Name  of  obaerTfrs;  CR  =  Campaa  Rodriga««;  O  =  F.  Oom.  Post  office  ad- 
drew:  Royal  Obaervatorj,  Tapada,  Liabon,  Portugal.  Latitude  =  +  38°  42'.5 ; 
LoDgitnde  =  36"  4S'  W.  Gr.;  Time :  Local  mean. 
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Lisbon,  Tapada,  Royal  Observatory, 
1899.  November  25. 


:  See  Individ nal  Meteon.  Nov.  17, 12fi  37™. 

C.  A.  DB  Caupos  RoDRiGU&a,  Director. 
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THE  MAKING  OF  PHOTOGRAPHY.* 

CHARLBa  p.  HIMBS  Ph.  D.,  LL.  D. 

This  hasty  resum^  of  some  of  the  leading  facts  in  the  growth 
of  a  branch  of  science,  the  history  of  which  practically  begins 
with  that  of  the  Institute,  to  which  the  occasion  more  naturally 
invited  than  to  a  display  of  its  achievements,  would  find  its 
highest  justification  in  the  enumeration  of  its  applications.  But 
a  very  few  must  suffice.  In  scientific  investigation  the  eye  has 
been  replaced  in  so  many  cases  by  the  camera,  for  observation 
as  well  as  record,  that  we  begin  to  inquire  what  is  left  for  visual 
observation.  This  is  not  for  the  relief  of  the  eye,  but  because 
the  photographic  plate  has  so  much  wider  range  in  time  and 
space.  It  is  capable  of  observing  the  instantaneous,  and  yet  of 
looking  without  wearying,  but  with  cumulative  effect  by  the 
hour  to  catch  phenomena  to  which  the  eye,  with  its  best  aids,  is 
hopelessly  blind.  It  has  even  been  said  by  an  eminent  as- 
tronomer, that  it  has  added  to  observing  power  as  much,  as  the 
invention  of  the  telescope.  It  has,  in  fact,  revolutionized  as- 
tronomy. Beginning  with  the  Moon,  with  which  perhaps  least 
has  been  accomplished,  total  eclipses  of  the  Sun  have  yielded  up 
long  desired  information,  otherwise  unattainable,  so  that  they, 
by  comparison,  approach  the  character  of  worked-out  'fields. 
Automatic  daily  observations  of  the  solar  surface,  with  the  de- 
tails of  its  spots,  promise  data  for  determining  effects  upon 
terrestrial  climate.  Nebula  have  been  discovered,  their  fofm, 
details  and  conditions  revealed,  and  fainter  extensions,  vaster 
than  could  be  conceived,  added.  Comets  have  exhibited  won- 
derful transformations,  distnrtions  and  internal  movements  ut- 
terly undi  SCO  vera  ble  by  the  best  telescopes  alone,  Asteroids  so 
numerous  leave  the  record  of  their  existence  in  trails  upon  the 
plates  that,  as  has  been  said  by  Professor  Barnard,  they  are 
turned  adrift  again  unless  they  show  some  striking  peculiarity 
of  orbit.  Meteors  record  their  paths  on  which  rests  the  expec- 
tation of  precise  determination  of  the  radiant.  Combined  with 
the  spectroscope,  binaries  of  shortest  periods  are  detected,  vari- 
able stars  not  only  discovered,  but  classified.  The  surmises  of 
mathematicians  in  regard  to  Saturn's  rings  are  confirmed.  Run- 
away stars  are  caught.    The  Parisian  astronomer  that  could 
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not  catch  the  satelHte  of  Neptune  with  his  telescope,  could  see  it 
fixed  on  his  photographic  plate. 

Photography  and  microscope,  too.  have  gone  hand-in  hand 
with  a  more  intimate  sympathy  even  than  that  between  the 
camera  and  telescope.  Among  the  earhest  amateurs  of  highest 
character  was  a  large  percentageof  experts  with  the  microscope. 
3t  was  in  the  decade  following  the  founding  of  the  Institute  that 
the  microscope  began  to  assume  something  of  its  present  char- 
acter as  an  instrument  of  delicacy  and  precision.  In  1831,  the 
factory  of  Ross  was  established,  and  under  the  stimulus  and 
cooperation  of  such  men  as  Herschel,  Airy,  Powell,  and  more  es- 
pecially Lister,  improvements  in  the  optics  and  mechanics  of 
the  microscope  were  rapidly  made,  so  that  at  the  discovery  of 
photography,  microscopy  hod  an  entirely  modem  aspect,  and  it 
recognized  at  once  a  new  ally.  Dr.  Draper  immediately  took 
microdaguerreo types.  From  this  time  the  improvements  in  op- 
tical appliances  urgently  demanded  by  the  microscopist  were 
ably  seconded  by  the  photographer,  and  both  combined  were 
largely  instrumental  in  occasioning  the  marked  progress  in  prac- 
tical optics,  which,  in  turn,  reacted  to  advance  photography  and 
microscopy.  Even  in  the  days  ot  slow  wetcollodion  good  work 
was  done  with  the  microscope,  and  even  stereo-photo- micro- 
graphs were  taken  by  Professor  Rood.  The  rapid  dry-plate, 
sensitive  to  all  or  any  desired  colors,  has  nowhere  contributed 
mure  to  the  advance  of  photographic  practice  than  with  the 
microscope.  It  has  become  to  it  only  less  the  observing  and  re- 
cording eye  than  to  the  telescope.  The  intimate  connection  be- 
tween tlie  microscope  and  the  camera  is  also  well  exemplified  in 
the  Institute,  where  the  gifted  Zentmaver  gave  the  world  its 
best  model  for  the  microscope,  and  the  lens  which  bore  his  name 
lonji  filled  a  place  entirely  its  own  in  photography,  and  when 
the  Government  placed  tlie  administration  ol  the  total  eclipse 
expedition  of  1869  in  Ihe  hands  of  Professor  .Morton,  then  Sec- 
retary of  the  Institute,  it  was  unnecessary  to  seek  lurther  for  the 
complete  solution  of  the  then  new  practical  optical  questions  in- 
volved in  such  an  enterprise. 

In  chemistry.  Dr.  Crookes,  by  aid  of  photo-spectroscopy  and 
orthochromatic  plates,  has  added  the  metal  monium  to  the  list, 
with  its  characteristic  lines  far  out  in  the  ultra  invisible  light, 
in  the  phosphorescent  glow  of  yttria  under  molecular  bombard- 
ment in  vacuo.  Meteorological  science  is  enriched  by  photog- 
raphy. It  is  pertinent  to  mention  the  interesting  contributions 
of  W.  N.  Jennings,  of  the  Institute,  to  the  study  of  hghtning  dis- 
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charges,  and  the  work  of  C.  Francis  Jenkins  in  the  conversion  of 
a  scientific  toy  into  the  phantascope,  which  has  foand  its  ex- 
tension in  the  kinetoscope,  and  which  earned  for  him  the  Cres- 
aoa  medal  of  the  lastitute.  The  kinetoscope,  with  its  miles  of 
photographic  films,  as  exhibited  first  by  our  H.  R.  Heyl,  has 
found  applications  unanticipated  in  recording  the  movements 
during  a  solar  eclipse  and  of  growing  plants,  and  has  goae  to 
the  iront  with  the  army  in  Africa.  In  the  industries  the  applica- 
tions of  photography  are  of  infinite  variety  in  character  and  im- 
portance. It  is  proposed  to  furnish  cards  for  the  Jacquard 
loom,  and  thus  make  tapestries  commonplace.  It  will  furnish 
water- marks  for  paper  capable  of  100,000  impressions.  It  re- 
produced the  Bncyclopsdia  Britannica  at  one-third  the  cost  of 
type.  It  preserved  the  valuable  MS,  copy  of  Century  Diction- 
ary, which  r/as  practically  uninsarable,  in  miniature  form 
against  loss  by  fire.  It  may,  in  the  future,  in  the  same  way, 
find  a  place  to  economize  sbclf-room  in  our  libraries  by  com< 
pressing  books  that  are  seldom  or  never  read.  Its  applications 
are  well  known  in  the  copying  of  inscriptions,  even  in  dark  in- 
teriors, in  the  preservation  and  duplication  of  valuable  docu- 
ments and  papers,  in  the  detection  of  forgeries,  especially  by  the 
method  of  composite  photography  as  developed  by  Dr.  Persifor 
Frazer,  in  the  furnishing  of  legal  evidence  in  general,  in  the  de- 
tection of  crii:]inals,  etc.  In  Canada,  50,000  square  miles  have 
been  platted  by  means  of  the  photo- theodolite.  In  the  late  war 
the  camera  went  to  the  front,  and  has  furnished  invaluable 
records.  Apropos  of  this,  it  is  only  necessary  to  recall  Capt. 
Wise  making  exposures  while  charging  up  San  Juan  Hill.  In  the 
present  African  war  it  promises  to  play  an  important  part  in 
reconnoissance  through  the  telephoto  apparatus  that  accom- 
panics  the  British  forces. 

In  its  purely  commercial  aspects  this  subject  is  one  of  growing 
importance.  The  demands,  at  present  great,  are  rapidly  in- 
creasing with  new  applications  and  expansion  of  those  now  in 
use.  Outside  of  the  industries  consuming  photographic  goods 
there  are  at  least  1,500,000  amateurs  in  the  United  States,  gen- 
erally regarded  as  gross  consumers.  The  industries  supplying 
photographic  wants  are  necessarily  of  the  most  varied  charac- 
ter. Companies  supplying  them  are  continually  increasing  their 
plants.  It  is  diffi.-ult  to  get  at  the  amount  of  business  and 
profits,  but  the  published  statement  of  one  company  originat- 
ing in  America,  now  in  England  and  America,  announced  a 
dividend  of  20  percent,  in  Dece  nberlast,  with  repeated  interim 
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dividends,  oa  a  capital  of  $8,000,000.  Other  companies  show 
similar  prosperity.  One  article,  largely  consumed,  may  be  par- 
ticularly mentioned,  which  America  does  not  seem  able  yet  to 
produce  of  best  quality,  namely,  paper,  and  it  is  well  for  manu- 
facturers to  remember  that  in  photography  only  the  best  of 
everything  is  good  enough.— /ourna/  of  tbe  Franklin  Institute, 
December.  1899. 


THE  STUDY  OF  ASTRONOMY. 


Some  time  ago  we  were  interested  in  finding  out  how  generally 
the  elements  of  astronomy  was  regularly  pursued  in  the  colleges 
and  secondary  schools  of  the  United  States.  The  result  of  a 
limited  inquiry  vras,  that  in  the  colleges  the  study  of  astronomy 
appears  very  commonly  in  some  courses  and  good  modern  text- 
books have  been  adopted  very  generally.  From  all  that  eould  be 
learned,  however,  in  regard  to  the  way  the  study  was  taught  in 
some  colleges,  there  seemed  to  be  room  for  improvement. 

In  the  secondary  schools  the  results  obtained  were  astonishing 
beyond  measure.  We  are  not  now  prepared  to  make  a  statisti- 
cal statement  to  support  the  impression  on  our  mind  made  by  it, 
but  it  may  at  present  suffice  to  say  that  about  one-fourth  of  the 
high  schools  in  the  United  States  have  the  study  of  the  elements 
of  astronomy  at  all  in  the  regular  courses  of  study  now  pursued. 
We  think  this  statement  will  be  borne  out  by  a  full  and  complete 
canvass  of  such  schools  in  this  country. 

Some  years  ago,  it  was  our  privilege,  by  request  of  Dr.  Harper, 
President  of  the  University  of  Chicago,  to.  sit  with  the  committee 
of  ten  to  consider  and  report  on  what  requirements  should  be 
generally  adopted  as  suitable  for  entrance  to  college  in  the 
branches  of  physics  and  astronomy.  The  committee  of  ten  was 
made  up  of  representative  scholars  and  teachers  of  science  (if  the 
writer's  name  be  not  thought  of  now)  from  widely  different  parts 
of  the  United  States.  In  the  deliberations  of  that  committee  it 
was  very  soon  apparent  that  but  two  members  of  it  had  any 
interest  at  all  in  the  study  of  astronomy  as  a  means  of  prepara- 
tion to  enter  college  and  but  for  those  two  persons,  it  was  more 
than  probable  that  it  would  have  been  reported  by  that  com- 
mittee that  the  elements  of  astronomy  should  not  be  one  of  the 
requirements  to  enter  college  in  any  of  its  regular  courses. 

These  things  are  mentioned  that  it  may  be  known  more  gener- 
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ally  what  is  a  prevailing  opinion  among  representative  school 
men  of  the  worth  of  this  branch  of  study  to  find  a  place  in  the 
secondary  courses  of  training.  It  is  a  very  pertinent  question 
for  any  educator  to  ask  why  this  is  so.  These  same  committee 
men  referred  to  above  were  enthusiastically  interested  in  the 
study  of  physios  and  methods  of  teaching  it  in  the  laboratory, 
and  they  were  unitedly  urgent  that  more  time  should  be  given  to 
this  branch,  even  a  whole  year  in  the  ordinary  high  school  course. 
This  condition  of  things  could  be  explained  by  the  facts  that 
these  men  were  teachers  of  elementary  physics  and  that  they  had 
little,  if  anything,  in  later  years,  to  do  with  the  branch 
of  astronomy.  They  did  not  seem  to  be  informed  in  regard  to 
the  later  and  the  better  methods  of  teaching  astronomy  in  sec- 
ondary schools  and  in  colleges. 

In  view  of  these  facts  and  others  like  them  that  might  be 
named,  it  is  important  that  something  should  be  done  to  put  the 
study  of  the  elements  of  astronomy  in  these  grades  of  instruc- 
tion on  the  right  basis.  No  one  says  that  astronomy  is  not  one 
of  the  best  and  the  noblest  of  the  sciences.  All  believe  that  it 
should  have  prominent  place  in  every  college  curriculum.  But 
where  it  shall  find  place,  how  much  time  shall  be  given  to  it,  and 
when  it  shall  be  taught  are  the  minor  points  which  each  institu- 
tion can  settle  for  itself  But  the  method  by  which  it  shall  be 
taught  is  common  ground  for  all  and  much  careful  attention 
should  be  given  to  this  side  of  the  matter,  and  what  we  have 
further  to  say  wilt  bear  on  this  point. 

1.  What  ought  to  be  done  and  what  can  be  done  to  give  ele- 
mentary  astronomy  its  proper  place  in  courses  of  study  for  sec- 
ondary  schools?  It  is  first  necessary  to  bring  to  the  attention  of 
leading  teachers  and  prominent  school  officers  the  value  and 
place  of  astronomy  as  a  discipHnary  study.  Those  who  are  in- 
formed know  that  the  advantages  accruing  to  the  student  from 
a  pursuit  of  this  study  are  chiefly  intellectual.  The  experienced 
teacher  who  can  rightly  advise  as  to  the  choice  of  studies,  will 
never  place  favorable  advice  in  the  choice  of  astronomy  as 
against  biology  or  physics,  on  the  ground  that  its  pursuit  and 
development  will  have  direct  bearing  to  enhance  the  material  in- 
terests of  mankind.  It  is  not  for  a  moment  to  be  supposed  that 
the  discoveries  of  astronomy  will  at  all  compare  in  practical 
value  with  those  coming  to  us  from  chemistry  and  electricity  for 
uses  in  the  arts  the  manufacturing  industries  of  the  world 
that  hold  so  large  a  place  in  the  public  thought  of  the  present 
time.    But  it  is  true,  as  Professor  Young  has  well  and  thought- 
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fully  said,  that  the  student  may  expect  his  chief  profit  to  be  in- 
tellectaal  '"  in  the  widening  of  the  range  of  thought  and  concep- 
tion, in  the  pleasure  attending  the  discovery  of  simple  law  work- 
ing out  the  most  complicated  results,  in  the  delight  over  the 
beauty  and  order  revealed  by  the  telescope  in  systems  otherwise 
invisible,  in  the  recognition  of  the  essential  unity  of  the  material 
universe  and  of  the  kinship  of  his  own  mind  with  the  inliaite 
reason  that  formed  all  things  and  is  immanent  in  them." 

The  five  points  made  in  this  statement  covering  the  scope  of 
astronomy  and  revealing,  to  some  extent,  the  unique  character 
of  the  study  for  scholastic  uses,  open  to  view  the  grand  possibili- 
ties of  the  theme.  Much  more  could  easily  be  said  in  the  same 
line,  but  that  is  not  necessary  or  desirable  now. 

2.  How  shall  astronomy  be  taught?  If  we  have  rightly  in 
mind  the  value  of  this  branch  as  a  means  of  training,  and  have 
given  it  proper  place  in  courses  of  study  mapped  out  for  use, 
then  comes  the  important  query  how  shall  this  study  be 
taught?  As  we  have  said  in  these  pages  more  than  once  re- 
cently, the  teaching  of  astronomy  is  now  rapidly  undergoing  a 
change  which  is  to  increase  its  efficiency  and  to  bring  it  rapidly 
and  widely  to  favorable  notice  in  public  school  instruction. 
That  change  is  coming  in  the  uses  that  are  to  be  made  of  text- 
books. Too  generally  the  text-book  in  this  branch  of  study  is 
made  the  end  of  the  student's  effort.  When  he  has  learned  what 
the  book  contains  the  impression  often  follows  that  good  prog- 
ress has  been  made  in  gaining  knowledge  of  the  subject  which 
may  be  very  far  from  the  truth.  Something  like  what  is  now 
called  the  "  laboratory  method  "  will  certainly  take  the  place  of 
a  large  part  of  the  time  and  effort  put  forth  by  an  immature 
student  to  get  the  meaning  of  the  author  who  has  written  a 
scholarly  book  which  is  more  a  manual  or  a  ready  hand-book  in 
the  science  than  it  is  a  suitable  text-book  for  a  novice.  The  fact 
is  apparent  and  it  has  been  recently  the  source  of  much  discus- 
sion in  the  minds  of  those  who  teach.  The  trend  of  things  is 
towards  the  inductive  idea,  or,  what  is  the  same  thing,  the 
"laboratory  method,"  so  called.  This  means  that  students 
should  have  test  exercises,  in  astronomy,  as  those  in  physics 
now  do  who  go  to  the  laboratory  for  work,  there  to  fix  their 
knowledge  of  the  principles  of  this  science  which  is  given 
in  the  text-book  or  in  the  lecture  room.  It  is  at  once  seen 
that  such  a  step  as  this  will  put  the  student  to  the  test 
of  independent  knowledge  of  the  things  he  can  see,  chart,  or 
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reason  out  as  compared  with  what  he  can  learn  and  remember 
from  a  text-book.  The  diflference  between  these  two  kinds  of 
knowledge  is  very  great. 

{to  BE   CONTINUED.) 


R.  W.  WOOD. 

Not  remembering  to  have  seen  any  attempt  to  show  experi- 
mentally in  the  lecture  room  the  motion  of  bodies  acted  on  by  a 
central  attractive  force  varying  inversely  as  the  square  of  the 
distance  in  elliptic,  parabolic,  and  hyperbolic  orbits,  I  have  made 
a  few  experiments  with  a  view  of  determining  how  well  these 
curves  could  be  imitated  by  the  motion  of  a  small  steel  ball 
around  a  magnetic  pole.  The  results  were  so  good  that  I  feel 
warranted  in  making  them  known,  and  believe  that  the  experi- 
ment may  be  found  useful  in  making  more  cheerful  that  portion 
of  the  course  usually  rather  destitute  of  pyrotechnics. 

The  apparatus  used  was  very  simple,  consisting  of  a  circular 
glass  plate  about  40  cm.  in  diameter,  with  a  small  hole  in  the 
center  through  which  projected  the  somewhat  conical  pole  piece 
of  a  large  electro  magnet  (Fig.  I).  The  surface  of  the  plate  was 
smoked,  and  it  was  made  level  as  nearly  as  possible,  the  axis  of 
the  magnet  being  of  course  vertical. 

A  small,  highly  polished  ball  of  steel  about  5  mm.  in  diameter 
{from  a  bicycle  bearing),  when  projected  across  the  plate,  traced 
its  path  in  the  soot  and  left  a  permanent  record  of  its  motion. 

Under  these  conditions  gravity  exerts  no  direct  influence  on  the 
motion,  and  we  have  only  the  initial  velocity  and  the  central  at- 
tractive force  to  deal  with,  together  with  the  loss  of  velocity  due 
to  friction.  There  are  several  other  circumstances  which  make 
the  conditions  unlike  those  existing  in  the  case  of  two  gravitat- 
ing bodies  in  space,  and  taking  everything  into  consideration,  it 
is  quite  surprising  what  good  results  were  obtained 

The  ball  was  blown  out  of  a  short  piece  of  glass  tubing  held  in 
the  plane  of  the  plate  with  varying  initial  velocities,  and  curved 
orbits  obtained  which  were  at  least  good  imitations  of  the  el- 
lipse parabola  and  hyperbola. 
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Figure  2  is  a  photograph*  of  a  plate  showing  all  three  formsj 
the  black  spot  in  the  center  being  the  hole  occupied  by  the  inaE;- 
net  pole;  the  arrows  indicate  the  direction  of  the  motion. 

Number  1  was  produced  with  low  initial  velocity,  and  is  a 
Tery  fair  representation  oi  an  ellipse,  with  the  attractive  force  in 
one  iocus.  The  loss  of  velocity  due  to  friction  caused  the  ball  to 
"  fall  into  the  Sun  "  after  completing  one  revolution,  a  one  year's 
existence  of  the  system. 

On  another  trial  an  ellipse  (spiral,  strictly  speaking)  was  ob- 
tained that  was  almost  re-entering,  the  miss  being  not  more 
than  a  couple  of  millimeters,  while  in  the  one  figured  it  was 
nearly  a  centimeter. 

The  right-hand  branch  of  No.  2  resembles  a  parabola,  and  was 
produced  by  a  somewhat  higher  initial  velocity.  It  will  be  no- 
ticed that  the  ball  moved  to  its  perihelion  position  in  a  path 
rather  like  a  hyperbola,  and  on  rounding  the  pole,  its  velocity 
having  been  diminished  somewhat,  moved  off  in  a  parabola.  It 
would  be  more  exact  probably  if  we  called  this  curve  an  ellipse 
of  great  eccentricity,  since  the  conditions  governing  the  forma- 
tion of  a  parabolic  orbit  would  be  difficult  even  to  approximate. 

Numbers  3  and  4  are  hyperbolae,  produced  by  still  higher  in  itial 
velocities. 

None  of  the  orbits  shown  in  the  figure  are  as  perfect  as  some 
that  have  been  obtained  by  accident  on  other  plates.  It  is  quite 
difficult  to  make  a  plate  showing  all  three  forms  with  only  four 
or  five  trials,  as  the  velocity  has  to  be  nicely  adjusted;  conse- 
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quently  the  curves  shown  in  the  figure  must  not  be  taken  as 
samples  of  the  best  that  can  be  produced  by  a  large  number  of 
trials. 

The  hyperbola  is  of  course  the  easiest  to  produce,  and  the 
parabola  the  most  difficult.  Some  device  for  regulating  the 
initial  velocity  and  aim  would  be  conducive  to  more  uniform  re- 
suits. 

Polarization  of  the  steel  ball  is  apt  to  give  trouble,  and  1  have 
obtained  some  repulsion  orbits  where  the  ball  turns  back  before 
reaching  the  center,  which  are  very  pretty,  but  not  desirable 
when  one  is  trying  to  illustrate  central  attraction.  Soft  iron 
balls  would  be  preferable  to  steel  on  this  account,  but  they  are 
not  on  the  market  so  far  as  I  know,  and  the  others  answer  the 
purpose  well  enough. 


ASTRONOMICAL  PHENOMENA  DURING  1900. 


In  the  jear  1900  there  nill  be  three  eclipses,  two  of  the  Sun  and  one  of  the 

1.  A  Total  Ecllps«  of  the  Sun,  May  28,  will  be  visible  aa  a  partial 
eclipse  throughout  North  America  and  Eumpe  and  in  the  western  part  of  Asia, 
the  northern  part  o(  Africa  and  the  eitreme  northern  part  of  South  America. 
This  la  the  most  important  asttonomieal  eveot  which  can  be  predicted  for  the 
yeiir,  and  will  be  espeeiall)  interesting  to  Americans,  since  the  path  of  totality 
posscfl  noroas  easily  accessible  portionf  of  the  United  Slates  (See  Popi'lah  As- 
TROSOMV,  No.  C9,  Nov.  1899,  for  chart  of  path  of  totality  across  the  Southern 
States.) 

Doubtless  most  of  the  Observatories  in  this  country  will  send  expeditions  to 
observe  the  eeli[jse  and  to  obtain  all  poasible  data  ciincerfring  the  wonderlul  cor- 
ona of  the  Sun,  which  can  l)e  seen  only  when  the  Sun's  disc  is  wholly  covered  by 
the  Moon.  The  duration  of  totality  is  short  in  this  eclipse;  only  2°"  8  8'  at  max- 
imum, and  that  when  the  shadow  falls  upon  the  middle  of  the  Atlantic  Ocean. 
At  the  most  favorable  points  in  the  United  States  totality  lasts  only  about  !■" 
30',  so  that  there  is  little  time  in  wbich  to  make  the  very  important  and  very  del- 
icate observations  which  are  desired.  Photographic  and  automatic  processes 
will  be  employed  wherever  pissible,  thns  reducing  the  observer's  duties  to  a  min- 
imum and  making  a  miscarriage  of  operations,  due  to  the  observer  becoming  con- 
fused, improbable.  The  great  uncertain  ty  in  the  case  is  the  slate  of  the  sky.  A 
cloud  of  two  minutes  duration  over  the  Sun  woiild  render  all  preparations  use- 
leas,  A  series  of  weather  observations  has  been  undertnken  by  the  U.  S.  Weather 
Bureau,  during  the  month  from  Mar  15  to  June  15  in  the  last  three  years,  at  a 
largi  number  of  points  along  the  path  of  totality,  for  the  purpose  of  determining 
the  probability  of  clear  or  cloudy  weather  at  those  localities.  Professor  Bige- 
low's  discussion  of  these  observations  (Populab  AsTRONoy  v,  No.  69,)  seems  to 
show  that  chances  are  about  three  to  one  in  favor  of  clear  weather  at  stations 
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Dear  the  Atlantic  coaat  and  about  six  to  one  in  favor  of  clear  weather  in  the  in- 
terior of  Georp;ia  and  Alabama.  We  may  therefore  have  confident  expectation 
of  aome  good  resulta  from  all  the  effort  and  mooev  which  wilt  be  expended  upon 
this  total  eclipse. 

The  path  of  totalitv  begins  \a  the  Pacific  Ocean  off  the  coast  of  Mexico,  croases 
northern  Mexico  and  the  Gulf  of  Mexico,  passes  almost  centrally  over  the  city  o^ 
New  Orleans,  touches  .Mobile,  Alabama.  Raleigh,  North  Carolina, and  Norfolk,  Yir. 
ginia.  Across  the  Atlantic  no  prominent  islands  lie  in  the  track  of  the  shadow. 
It  touches  land  again  on  the  west  coast  of  Portugal,  crosses  Spain  and  the  Med- 
iterranean Sea,  passes  over  Algiers  and  several  other  points  on  the  north  coast  of 
Africa  and  ends  near  the  north  end  ol  the  Red  Sea. 

Elements  op  the  Eclipsb. 
Greenwich  Mean  Time  of  conjunction  in  right  ascension.  May  28,  2'>G7'*  02'.7. 

Sun  and  Moon's  R.  A.    4"    ig™  47' 38  Hourly  motions  10M6  and  149* .08 

Sun's  rtecIinatioB      +21"    27'  16".0  Hourly  motion                    +0'    24".2 

Moon's  declination  4- 21      50  17   .4  Hourly  motion                    +2     41   .0 

Sun'sequa   hor.  parallax  8   .7  Sun's  true aemidiam.             15     46   .6 

Moon'sequa.  hor.  parallax  5t4  27   .4  Moon's  true  Mmidiam.        15     55  .0 

CiBcuMSTANCHs  OF  THE  Eclipse. 

LoTiKltude 
Grccnwlcb  M»a  Time,    rroni  GrnnHkh.        Latitude. 

Eclipse  bcKios            May  28  0  12.5  97  49.5  W.  9  59.2  N. 

Central  eclipse  begins  1  14  5  116  38.4  W.  17  50  3  N. 

Central  eclipse  at  noon  2  57.0  45  0.4  W.  44  56.8  N. 

Central  eclipse  ends  4  33.5  31  37.1  E.  25  20.6  N. 

Eclipse  ends  5  35  0  12  29.4  E.  17  32.8  N. 

2.  A  Partial  Eclipse  of  the  Moon,  June  12,  viill  be  visible  generally 
throughout  North  and  South  America,  Europe  and  Africa.  It  will,  (lowever,  be 
of  almost  no  importance,  since  the  obscuration  will  \k  so  very  slight,  only  .001 
of  the  Moon's  diameter  being  covered  by  the  umbra  of  the  shadow  at  the  mid- 
dle of  the  eclipse. 

Elements  of  the  Eclipse. 


Greenwich   mean  time  of  conjunction  in 

right  ascen< 

Bion,  June  12.  15"  31" 

Sun's  right  ascension        5"    23"    37'.06 
Moon's  right  ascension  17      23       37.06 
Snn's  declination         +23,"    11'    16".l 
Moon's  declination    —22      12     57.2 
Sun'seqna.  hor.  parallax                    8   .7 
Uoon'sequa.bor.  parallax    57      29   .7 

Hourly  motion                         10',36 
Hourly  motion                    145  .04 

Hourly  motion               +0'    09'-.0 
Hourly  motion               +0     55   .3 

Moon's  true  seraidiam.  15     39  .2 

CiRCUMSTAHCES  OF  THE   EcLIPSE. 

Gr«nw 

ich^M.  T^ 

Ceptral  3.  T. 

Moon  enters  penumbra            June  12 

13    15.0 

7    15.0  P.M. 

15    24.4  9    24.4 

Middle  of  eclipse  15    28.1  9    28.1    " 

Moon  leaves  shadow  15    31.7  9    31.7    " 

Moon  leaves  penumbra  17     tl.2        11    41.2    " 

Magnitude  of  eclipae  0.001  (Moon's  diameter  =:  1.0). 

3.    An  Annular  Bclipae  of  the  San,  Not.  21,  will  be  visible  in  South 
Africa  and  Australia.    This  will  be  regarded  of  little  importance,  becanse  the 
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Snn'i  apparent  diameter  will  be  ao  mach  greater  than  tbat  of  the  Moon  that  the 
bright  ring  of  sunlight  at  central  eclipae  will  wbolly  overpower  the  corona. 
Elements  of  the  Eclipse. 
Greenwich  mean  time  of  coojanction  in  right  asrension,  November  21,  lO^* 
22"  49'.0. 

Sun  and  Moon's  R.  A.         le""  19""  26V34  Honrly  motions  10*.52  and  130'.97 

Sun's  declination  —20"  03'  59".8  Hourly  motion  —    O'    32",5 

Moon's  declination         —20  16  25   .8  Hourly  motion  —    3     19  .8 

Sun's  equa.  bor.  parallax  8  ,9  Sun's  true  semidiam.         16    11  .9 

Moon's  equa.  bor.  parallax  55  10   .1  Moon's  trne  semidiam.      15    01   .2 


Cmc  CM  STANCES  o 


TUB   ECLIPSH. 

Lonttitude 


Eclipse  begins                Nov.  21  16  09.6  21  0i,9  E.  1  28.2  3. 

Central  eclipse  begins  17  26.6  2  41.1  E.  5  59.7  S, 

Central  ecli<  se  at  noon  19  22  8  65  49.9  E.  33  19.1  S. 

Central  eclipse  ends  21  12.9  135  194E.  18  26.8  S. 

Eclipseends  22  19.8  116  48.U  E.  13  58.8  S. 

OCCULTATIONS. 

The  AtBtn'eao  Spbetneris  gives  a  list  of  1U5  occultations  of  stars  by  the  Moon, 
which  will  be  visible  at  Washimiton,  and  therefore  most  of  them  visible  througb- 
ont  the  United  States,  during  the  year.  Among  them  we  notice  two  of  the  planet 
Saiuro  and  one  of  the  planet  Uranus  which  will  be  generally  visible.  Thej  are  as 
follows,  the  times  being  given  in  Washington  mean  time : 

ImmersJon.  Bmenlon.  Duration. 

38  1    07 


Saturn             March  23 
Saturn             |aly      10 
•Uranus              Oct.       26 

13    31              1 

10    43             1 
5    26 

The  following  is  the  list  of  occu 
January: 

ItatioDS  of  stars 

Dkte. 

1900. 

Star'!               Magni- 

MRRSION. 

J„.     ^s 
11 

13 

104  Piscium       7.5 
X'  Tauri                4.7 
X'  Tauri                6.3 
14Geminorum  7.2 

3    41          52 
3    28          89 
3    31        112 
8    35        122 

The  Planetb. 

t  Washington  during 


BMBR3I0N. 


4    22        221        0    61 


The  apparent  movements  of  the  planets  during  the  year  arc  shown  upon  the 
charts  Figs.  1,  2  and  3.  If  tbe  reader  will  compare  these  charts  with  those  pub- 
lished in  the  January  numbers  of  POPULAR  Astronouy  for  the  last  two  years,  be 
may  be  interested  to  note  tbe  differences  as  well  as  the  general  similarity  in  the 
charts.  The  outer  planets  describe  exactly  similar  paths  among  tbe  stars  each 
year,  but  these  paths  are  further  toward  the  east  each  year.  Tbe  inner  planets 
describe  the  whole  circuit  of  the  heavens  with  the  Sun  each  year,  but  the  position 
and  shape  of  the  loops  in  their  apparent  paths  vary  from  year  to  year. 

Mercnry  begins  the  year  in  Sagittarius,  west  of  tbe  Sun,  and  follows  a  course 
quite  similar  to  that  of  last  year.  Its  loop  in  Pisces  is  a  month  earlier  and  is  of  a 
different  shape  from  that  described  last  year,  tbe  upper  half  of  tbe  loop  being  con- 
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siderabi;  wider.  The  loop  in  Cancer  made 
in  July  and  Aagust  is  verj  nearlj  of  the 
same  shape  as  last  year's  corresponding 
curve.  The  invtrted  Sshaprd  cnrve  made- 
in  Scorpio  in  November  is  wider  than  that 
of  last  jear.  These  differint  shapes  are 
due  to  the  differing  relative  positions  of 
Mercury  and  liiirih  in  their  orbits.  Thtir 
periods  bcin);  incommcnsurnble.  the  same 
combinations  of  pusitinnand  motion  do  not 
repeal  themselves  from  year  to  year. 

The  limes  when  Mercury  will  be  visible 
to  the  naked  eve  and  maybe  therefore  called 
"Evening  Star"  or  "Morning  Star,"  may 
be  derived  from  the  follominfi  table,  remem- 
bering that  the  i^lanct  is  visible  only  from 
one  to  two  weeks  at  a  lime  when  near 
greatest  elongation  from  the  Sun,  and 
that  it  is  evening  star  when  east  ofthe  Son, 
and  morning  star  when  west  of  the  Snn. 

Aspects  of  Mercunv. 

Feb.  9.    Superior  conjunction. 

Mar.  8.    Greatest  elongation  east    18°  16' 

Mar.  24.    Interior  corjunclion. 

Apr.  21.    Greatest  elonffation  west  27      19 

May  30.    Superior  conjunction. 

Jane  4.    Greatest  elonRation  east     26     01 

Aug.  1.    Inferior  conjunction 

Aug.  19     Greatest  elongation  west  18     32 

Sept.  13.    Superior  conjunction. 

Oct,  29.    Greatest  elopgallon  east   23     44 

Nov.  20.    Inferior  conjunction 

Dec.  7.    Greateit  elongation  west     20      50 

The  path  of  Cenua  will  be  lonnd  upon 
the  same  chart  with  that  of  Mercury.  It 
begins  in  Capricorn  and  follows  approxi- 
mately the  course  of  the  ecliptic  nntil  June, 
when  for  three  months  it  describes  a  large 
biop  in  Gemini.  For  the  remainder  of  the 
year  the  course  is  again  eastward,  near  the 
ecliptic.  Venus  will  be  ''evening  star"  dur- 
ing the  first  holf  of  the  year  and  is  already 
very  conspidiius  for  her  brilliancy  as  seen 
toward  the  southwest  in  the  early  evening. 
She  will  continue  to  liicrensc  in  brightness 
until  June  1 ,  n  month  nfter  reaching  great- 
est tlongntion,  eiist  from  the  Sun  45°  35', 
April  ;;8.  During  the  spring  therefore 
will  be  ii  s|>lcnilid  object  in  the  west- 
enini;  sky,  situated  very  favorably  for 
ufly  of  her  surface  markings.  She 
imc  to  inferinrconi unction  Julv  8  and 
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a  month  later  attain  her  greatest  brilliancy  as  ''morning  star."  Venas  will 
be  at  greatest  western  elongation,  46°  2',  Sept.  17  and  will  continne  to  he  con- 
spicuous in  the  morning  during  the  remainder  of  the  year. 

Mars  moves  in  a  smooth  cnrve  without  loops,  from  Sagittarius  a  little  more 
than  hair  way  round  the  sky,  to  Leo,  following  pretty  closely  the  line  of  the 
ecliptic.  Mars  will  be  at  superior  codJ unction  Feb.  9,  and  will  not  be  in  favor> 
able  position  until  autumn,  and  tben  only  in  the  morning  hours. 

NepCane'a  path  is  shown  upon  the  same  chart  with  Mars,  but  upon  so  small 
a  scale  that  its  shape  can  scarcely  be  made  out.  It  moves  back  and  forth  practi- 
cally in  a  strai|[bt  line,  retrograding  from  Jan.  1  to  March  5,  advancing  from 
March  5  (O  Uct.  1.  anil  retrograding  for  the  remainder  of  the  year.  The  planet  is 
visible  ooly  with  telescopes  of  considerable  power. 
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Jttpiter.  Satara  and  Uranas  are  near  together  in  Scorpio  and  Sagittat 
They  will  be  in  most  favorable  position  fir  observation  during  the  s 
months.  Their  apparent  paths  are  almost  exactly  alike,  advancing  for  three 
months,  retrograding  for  ibar  months  and  again  a(Kancing  for  live  months. 
Asteroids 
New  minor  planets  will  doublless  continue  to  be  discovered  bv  the  photo- 
graphic method.  The  niimlwr  now  known  ol  thfSe  little  bniiies  is  over  450,  so 
that  their  discovery  is  of  much  less  importance  than  it  wns  fifty  venrs  ago. 
Most  of  Ihiise  found  now  ar"  extremt-ly  faint,  but  orcasiionBlly  (>n<"  is  discovered 
which  can  he  observed  with  a  J^mall  teleBcnjie.  Snch  an  one  wns  fimittl  hv  rhar- 
lois  at  Nice.  Prance,  on  Che  tiijjht  of  Dec.  4.,  1899,  in  riuht  ascension  -t"  37"'  56* 
and  declinntirtn  north  U"  la'.  It  wns  of  the  tenth  magmtnric  nnd  mnvLi-K  west- 
ward 56'  and  northward  4-'  daily. 

The  most  notable  discovery  in  this  line  rluring  recent  vents  w.ts  thnt  I'f  the 
asteroid  Eros  (433)  by  Wilt  at  Heidelberg  Aug.  1.^,  1R98  This -pltinet  is  rxlrn- 
ordinary  in  the  fnct  that  its  nrbi'  exicncts  within  ihat  of  M;irs  and  thus  ap- 
proaches nearer  to  the  Earth  thnn  any  other  of  the  minor  or  mnjnr  planets.  An 
ephemerisofthis  planet  fi>r  the  months  of  Mnrch,  April  and  May  has  l>cen  com- 
mnnicated  to  us  by  Professor  H.  A.  Howe.  Director  of  the  Charaherlin  Observa- 
tory of  the  University  of  Denver,  Col.,  and  is  given  on  another  page. 
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Three  periodic  comets  are  expected  to  return  to  perihelion  tbis  year.    All  are 
taint  aad  can  onlj  be  seen  nitfa  a  letescope. 


The  Co! 


TELLATIOMS  AT  9 


!-jABV   I.  1900. 


Finlaj'scumet,  discovered  in  ^SV6  seen  again  at  ita  return  in  1893,  should 
be  at  perihelion  about  the  end  of  Teliruciry.  but  will  be  bo  untavorably  situated 
thatiits  reriiscovery  is  doubtful. 

The.DeVico-Swilt  comet,  discovered  in  1844  by  DeVlco  and  in  1894  by  Ed. 
ward  Swiit,  soil  of  Dr.  Lewis  Swilt,  is  due  at  perihelion  in  AuKuat.  It  should  be 
in  quite  favorable  positiou  for  observation  daring  the  soromer  and  autumn.  It 
was  however  exceedingly  feint  in  1894,  and  may  be  found  with  difficulty  thia 
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Barnard's  coDiet  1S8411,  nhicb  has  not  been  bmd  at  tbe  last  two  reluraa.if 
we  except  an  uncertaiD  observation  by  Swift  iit  IK95.  ■h<>uld  be  at  perihelion  in 
Octolier.    Us  position  wilt  be  about  as  favorable  aa  in  1895,  and  perhaps  a  little 
better,  so  that  there  is  a  possibility  ol  its  being  lound. 
No  ephemeris  of  any  of  these  objects  is  yet  at  hand. 

Brorsen's  comet, wtiicb  bas  been  lost  since  1879.  should  be  al  perihelion  about 
the  close  of  this  year  and  in  fairly  good  position  tur  obirrvation.  The  fact,  how- 
ever, that  it  was  nrt  lound  at  (he  equally  favorable  I'ppositioTi  of  1890,  leads  as- 
tronomers to  think  that  something  hau  happene  •  to  change  the  course  of  this 
comet.  Dr.  J.  R.  Hind  and  Dr.  B.  Lamp  in  Astronomi'sche  Nachricbten, 
Vol.  137,  p.  ItU.  p->itit  out  that  possibly  Denning's  comet  1S94  1  may 
have  been  a  fragment  of  Brorsen's  c<imet,  the  two  objects  having  been  in 
nearly  the  same  position  in  space  in  February  and  March.  1K81.  Denning's 
comet  is  due  at  perihelion  in  June,  1901. 

Mbtbors. 
After  the  failure  of  thegrent  l^eonid  shower  to  mtiteriHiize  in  November  last  it 
may  be  raab  to  make  any  more  prediciions  concerning  it,  but  there  are  several 
indicationa  that  the  prediction  of  last  year  was  a  >ear,  possibly  two  years, 
early,  and  that  we  may  look  for  fine  showers  in  1900  and  19U1.  The  observa- 
tions seem  to  indicate  that  the  maximum  of  the  shower  this  past  year  occurred 
on  the  morning  of  Mjv.  15  instead  of  Nov.  16  as  iiredicfed  by  .Ndessrs.  Johnstone 
and  Stoniy,  su  that  probably  the  minimum  next  November  will  be  on  the  date 
predicted  by  Mr.  Denning  (See  Pofclab  Astronomv  No.  69.  Nov.  1899.  p.  479). 
The  Andromrde  or  Bielid  shower  occurred  in  1899  on  the  night  of  Nov.  24. 
and  will  probably  not  be  noiiciable  in  1900. 

The  fulli'win>!  table  of  the  rudinnt  puints  of  the  more  prominent  meteoric 
showers  hy  .Mr.  W  F.  Denning  is  abstracted  from  "the  Companion  to  the  Ob- 
servatory "  tor  19UII. 

RndiBiit.  Mrtcora. 

iinf  -)- 53°  Swift;  long  paths. 

210  +  33  Swift 

338  -     2  Swift;  streaks. 

3:i9  -  la  St'>w:1ong. 

45  +  5i  Swift;  streaks. 

H2  +  m  Swiit:stre(ikH. 

1511  +  22  Hwifl;streoks 

■25  -1-44  Verv  ^h.w ;  trains. 

108  -i-  33  Swift;  short. 

ximum  on  .\ugust  10.  are  vlsihle  for   a  considerable 
iiibits  an  easterly  motion  among  the  stars,  changing 
July  19,  to  R.  A.  53°,  Decl    +  58°,  Aug.  16. 
Bph«iiierl«  of  EroB. — Tbe  following  epbemeiis  of  Eros  has  been  computed 
with  the  elements  given  by  Henry  Norris  Russell  in  A.J.  457. 
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Date. 

1900. 

March  13 


33  33  36 
23  37  '5 
23    40    S3 


31.0 

0.39566 

5'9 

0-39349 

39'4 

0,39126 

0.38S96 

44-5 

0.3B659 

18.1 

0.384.5 

SO.3 

0.38.64 

*3-3 

0.37906 

S4.0 

0.37M0 

'5.4 

0-37367 

56.6 

0.37086 

27-5 

0.36798 

58.1 

6.36503 

2S.5 

0.3620: 

SS.7 

0.3589' 

28.7 

0-35574 

58.4 

0.35250 

27,S 

0.34919 

57-' 

o.345«» 

.6.7 

0-34233 

55.0 

0-33879 

23.6 

o.33S'7 

52.1 

0-33  "47 

0.32769 

48^4 

0.32384 

16.3 

0.31990 

44.0 

0.3.589 

Isi 

0.31179 
0.30V62 

6.0 

0-30337 

33-0 

0.29904 

59.9 

0.29^63 

26.6 

0.19014 

6.8 

0.28557 

40.4 

0.28091 

14. 1 

0.27617 

48.1 

0.27134 

22.3 

0.26643 

564 

0.26143 

SPECTROSCOPIC  NOTES. 


In  Science  of  Pec.  1  ntiif  Dec,  8  abstracts  an 
third  of  them  siieftrosc  'pit-,  prcsEnicd  last  sui 
Astronomictil  uiiJ  Aatrri]>liysk-;il  Siiciety  of  Atn 


published  ol  the  pnpt-r 


The  relative  phiitn^rnphii'  hriRhtness  of  Mats  nnd  Jupiter  has  Wen  mens- 
ured  by  Dr.J.  H.irtir..-iiiii  iit  i'otsdnm  [lierlln  Sitzungstierichce.  Julv  20,  1809; 
Astropbyska!  Joamul.  Nov.)  l-'sing  q  new  type  of  phi)tomcter  he  linda  that  for 
the  light  of  greatest  pbot'-grnphic  activity  (\  47fi()  to  A  4.110)  the  surface 
brightiM^ss  of  Jiip  ter  is  iilmu^t  exactly  identical  with  the  surface  lirii;hlness  of 
Mara,  while  the  surface  hrii-litnesa  of  the  britthteat — .1011  th west— portion  of  the 
Moon  is  about  one  f'nirth  that  of  either  planet.  The  disiance  of  Jupiter  from 
the  Sun  was  a  little  less  than   3.5   that  of  Mars;   the  intensity  of  illuminntion, 
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varyiag  ft*  tbe  square  of  tbe  distance  inverselj.  wns  cooseqaeatl;  for  Mars  11.9 
tliat  for  Jupiter.  la  order  tbat  the  surface  brightness  sbonld  be  the  same  for  the 
two  plmiet*  tbe  reflecting  power,  or  albedo,  of  Jupiter  must  for  the  part  of  the 
apectrura  under  conwderation  be  11.9  that  ot  Mars.  The  visual  albedo  of 
Jupiter  Profesior  Mtilier  has  found  to  1>e  2.8  tbat  of  Mars,  as  against  Dr.  Hart- 
mann's  ratio  of  11.9  for  the  violet  alhedo.  while  Professor  Lohse  has  fonud 
Jupiter's  photographic  albedo,  where  the  ultra-violet  is  effective  in  addition  to 
tbe  violet,  to  be  18  S  that  of  Mars.  Evidently  the  violet  of  Mars  is  relatively 
weak,  and  the  ultra-violet  very  weak ;  as  mi^ht  be  expected  from  the  planet's 
pronounced  reddish  color. 

In  tbe  Aatropbyaical  Journal  for  November  Mr.  Harrer  of  the  Allegheny  Ob- 
servatory gives  the  results  of  his  eiamioation  of  the  spectrum  of  a  Ononis  lur- 
ing the  star's  irregular  minimum  at  tbe  past  oiiposition.  Comparing  his  spec- 
trograms of  this  period  with  Prolessor  Keeler's  spectrograms  of  1894  he  has 
detected  no  change  in  the  number  or  relative  intensities  of  the  lines  in  th^  green 
and  yellow  of  the  spectrum. 

The  American  Academv  of  Arts  end  Sciences  have  appropriated  tbe  sum  of 
$500  to  assist  in  the  construction  of  a  large  spectroscope  to  be  used  at  the- 
Yerkes  Observatory  by  Professor  Proat  for  the  determination  of  motion  of  stars 
in  tbe  line  ot  sight. 

Intbecboice  of  officers  of  the  British  Astronomical  Association  Mr.  J.  Ever- 
shed  was  reelected  for  the  current  year  director  of  tbe  section  of  spectroscopy. 

A  summary  ii  given  in  Science  of  Dec.  8  of  the  results  of  Dr.  Chase's  careful 
investigation  of  the  refraction  of  red  stars.  While  tbe  excess  of  red  light  in 
these  stars  might  be  expected  by  its  smaller  relraogibility  to  diminish  tbe 
amount  of  their  general  refraction.  Dr.  Chase  agrees  with  previous  qbservers  ia 
finding  tbat  the  refraction  for  tbe  red  stars  is  tbe  same  as  for  the  other  stars. 

In  the  Aatropbyaical  foaraal  (or  November  Professor  Campbell  reports  tbat 
he  finds  variable  motion  in  the  line  ofsight  for  «9  Capricorni  and  v  Sagitterii. 

In  the  forthcoming  '  Revised  Harvard  Photometry  '  a  column  is  promised  giv- 
ing, for  each  star  whose  magnitude  has  been  determined,  the  character  of  its 
spectrum;  and  also,  where  postiible,  the  photographic  magnitude  will  be  given, by 
comparing  which  with  the  visual  magnitnile  the  star's  color  may  be  determined. 

Dr.  Wilsing.  continuing  his  investigation  of  the  effect  ol  pressure  on  spectra, 
has  obtained  (Astrophysical Journal,  Niivembcr,)  by  moistening  carbon  electrodes 
with  water,  results  for  hydrogen  analogous  to  liis  previous  results  lor  other  ele- 


Prolessor  Hale  has  recentlyconlirmed  and  extended  his  observations  ol  carbon 
in  the  Sun's  chromosphere  (Yerltes  Observatory  Bulletin  No.  12;  Astropbyaical 
Journa/.  November.).  The  green  fluting  of  carbon,  terminating  at  A  51B5  was 
found  in  the  ehroraospbere  as  long  ago  as  September,  1897.  the  identlBcation  of 
the  feeble  bright  lines  of  the  fluting  in  tbe  chromosphere  being  acci>mpli«ibed  by 
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firat  putting  the  slit  of  the  apectroicope  od  the  Sun's  dtK  and  then  moTJng 
qnickljr  to  the  Sun's  edge,  when  the  dark  carboD  tines  were  replaced  by  brifjbt 
lines.  In  hag.  1S99  with  the  reconstructed  spectroscope  this  green  fluting  was 
obeervcd  better  than  before,  a  lar^  number  of  bri);bt  lines  being  Tisible.  With 
perfect  conditions  and  adjilslments  the  vellow  HutinR.  terminating  at  A  5635, 
was  seen.    The  blue  fluting,  which  termioates  at  A.  4-7.37,  could  not  be  seen. 


V&RIABLB  STARS. 


Minima  of  the  Variable  Stara  of  th«  Algol  Type. 

(Givea  to  the  nearent  hoar  In  Greenwlcb  Time.) 


U  CORONAE.  U  OPHIUCHI. 


V    CEPHEI. 


R  CANIS  MAJ. 
Every  Stb  min. 


KS   SAGITTARII. 


DM   +  45''3062. 


S  VELORUM. 


14 


The  above  ephemeris  was  cnntpnted  from  the  elements  given  In  Chandler's 
Third  Catalogue  with  three  exceptions.  For  U  Cephei.  Chandler's  revised  ele- 
ments given  in  No.  396  of  the  Astronomical  Joaraal;  for  DM,  -\-  12°3557,  Lni- 
zei's elements  given  in  No  3596  of  the  Astrooomiscbe  Nacbricbten;  for  DM.  + 
45'^3062,  Pickering's  elements  given  in  Harvard  College  Observatory  Circniar, 
No.  44,  The  long  period  variables  must  still  await  the  appearance  of  an  ephem- 
«ris  in  the  Vkrteljabrsscbrin  or  the  Comp&nion  to  the  Observatory. 

ANDERSONS  NBW  VARIABLE  IN  HERCULES.-This  is  the  first  of  the 
new  variables  noted  on  page  537  of  the  December  nnmbcr.  The  place  there 
given  is— 
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Tbe  place  was  hiao  meaBurcd  by  Dr.  Hartwig  with  the  7-iticb  beliomcter  of 
the  Remits  Observatory  in  Bamberg,  Germany.  He  gives  as  his  resalts  in  No. 
3603  of  the  Nacbriebtcn— 


R.  A.  17''  sa-"  27.6 


Deci.  +  ig"    Zy    40.1",    (1853) 


Tlie  accompanying  charts  will  aid  in  finding;  the  field,  which  is  1°  eontfa  of 
the  4.5  majinitude  star  95  Hercalis.  The  first  chart,  on  the  scale  of  tbe  DM, 
gives  the  stars  from  the  6th  to  the  9  5  magnitude  within  a  degree  of  the  vari- 
able. The  star  a  is  DM. -i- 19=3439.  bis  19-34.94,  and  a  is  19<'34S4.  The  larger 
scale  chart  g\res  enough  of  the  stars  from  the  &th  to  the  12th  tnagnitade  within 
IC  of  the  variable  to  identify  it  in  its  fainter  stages. 


Coup  PRISON  Stars  p 


's  New  Variable  in  Hercules. 


Decl. 


Mag. 


-11.3    ■ 


-48.3  +0.5 

-12.1  —2.0  11.2 

m  —    2.5    —10.8  —1.0  12.2 

a    +   0.2    +    0.9  —2.0  9.5 

e     +    1.6    +    6.S  +  2.9  10.9 

A    +    4.2    +  18.0  +  3.5  11.1 


*  +    5.7  +24,2  -O.T  11.1 

r+    81  +343  — 20  10.2 

;    +    8.1  +34.4  +1.4  11.0 

6+10.1  +43.0  +1-3  6.5 

g  +  11.3  +  47.9  +  0.8  10.9 


Tbe  magoitades  of  the  comparison  stars 
pnrpose  of  identification. 

The  variation  of  this  star  has  been  somewhat  rapid, 
observed  magnitades  will  show, 

Mag.  Mag. 


merely  approximate,  for  the 
tbe  following  list  of 


Ang.  22, 

9.0 

23, 

11.9 

T 

A.  Parkhurst. 

24, 

9.0 

28, 

12.4 

Sept.  17, 

9.9 

Nov.     4, 

12.4 

Oct.   12. 

11.2 

.  A.  PaikhuTst, 

8. 

17, 

11.4 

to 

20, 

11.8 

Dec.     5, 

<12 

not  seen,  5  obs. 

11.9 

'* 
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■t  cited,  reports  a  decline  of  0.25  matcnitiide  be- 


Dr.  Hartwig.  in  the  pint 
twecn  Oct.  Sand  14. 

When  these  ohtervotions  are  platted  it  will  be  seen  that  there  is  n 
the  rapidity  ol  the  decline,  and  therefore  no  sJRns  of  an  approaching  n 
The  curve  resembles  that  of  Anderson's  former  discovery  in  this  constellation, 
6100  RV  Herculia  (See  PoI'ulah  Abtrokohv,  V,  326),  which  was  followed  below 
the  15th  magnitude  with  the  40-inch  Verkes  telescope.  {Astronomical  Joarnal, 
No.  436).  If  this  resemblance  is  confirmed  t  he  itar  may  reappear  after  minimum 
in  the  spring  ol  1900,  in  position  for  morning  observation, 

THE  SPECTRUM  OF  a  ORIONIS  DUR!NG  THE  RECENT  UINIMDM  — 
Mr.  Henry  Harrer,  at  the  Allegheny  Observatory,  took  aii  spectrograms  of  a 
Orionis  during  the  interval  1898  December  24  and  1899  April  5,  to  seek  for  any 
spectral  changes  which  might  accompany  the  recent  minimum.  These  platea 
were  compared  with  three  taken  by  Professor  Keeler  with  the  same  instrument 
and  the  same  adjustment  in  October  and  December  1894.  The  results  of  this 
comparison  are  thus  stated  by  Mr.  Harrer  in  a  note  in  the  Astropbysical Journal 
for  November  1899.  "The  comparisons  revealed  no  changes  either  in  the  num- 
ber or  relative  intensities  of  the  lines.  The  above  six  photographs  therefore  re- 
vealed no  change  in  the  spectrum  of  it  Orionis  withia  the  Itioits  which  have  been 
stated."    About  130  lines  were  compared,  between  A  5130  and  5655. 

ANOMALOUS  MAXIMUM  OF  SS  CYGNI.—ll  any  apology  were  needed  for 
the  frequent  reference  to  this  Tariable.it  would  be  furnished  by  Professor  Bailey's 
■y^  I     ■' /  a  discovery    of  so  many  examples   of 

/«*i:*«i«^  ^  ^J  Gy^.^.  ^^j^  ^^^  ^^  variation  ia  the  cluster 

l^^UU   *.  A-^— /    .  MessicrS.  already  noted  in  these  col- 

_        _'  ,  umns.      But   these  cluster  variables 

ate  beyond  the  reach  of  an  ordinary 
telescope,  while  all  the  changes  of  SS 
Cygni  can  be  folio gi'ed  with  a  moder- 
ate aperture,  so  we  must  look  to  this 
star  for  most  of  our  knowledge  of 
this  type  of  variation. 

The  meiimum  just  passed  was 
unique  in  character.  Nothing  tike  it 
has  been  seen  before,  or  at  least  been 
published,  in  the  light  changes  of 
this  st'ir.  If  the  form  of  curve  for 
this  maximum  deiiended  on  the  com- 
parisons of  a  single  observer,  the 
report  would  perhaps  be  donhted,  but  the  observations  of  the  four  are  in 
so  satisfactory  agreement  that  the  anomalous  form  of  the  curve  seems 
well  established.  The  accompanying  graphic  representation  will  show  at  once 
the  form  of  the  curve  and  the  agreement  of  the  observations  (Compare  curves  in 
V,  27land387.  VI,  159and  VII,  145).  The  star  had  reached  normal  light  after 
the  October  maximum  on  Nov.  6,  so  that  the  period  of  quiescence  was  only  14 
days,  the  shortest  on  record.  The  curve  shows  a  maximum  Dec.  1.7,  the  time  of 
passing  9.35  magnitude  during  the  rise  being  Nov.  28. 1. 
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Comet  Notes. 


The  number  of  obscrvationa  reported  is — 

Zaccheus  Daniel, 
David  Flanerj, 
J.  A.  Parlthurst, 
Wm.  E.  Sperra, 


COMET  NOTES. 

Definite  Orbit  of  Comet  1894  IV,  (E.  Swift).— In  Astranomiscbe 
Naebricbtcn  No.  3606-7  Mr.  F.  H.  Seaien  pivea  detailed  reaulta  of  a  definitive  cal- 
culation of  the  orbit  of  E.  Swift's  comet,  from  all  of  tbe  publislied  observatioDS. 
It  will  be  rememttered  that  a  similarity  was  noted,  soon  after  its  discovery,  be- 
tween the  elements  of  the  orbit  of  this  comet  and  those  of  the  long  lost  De  Vico 
comet  1844  I.  The  previous  calculations,  although  pointing  strotmlj  to  the 
jdeatity  of  the  two  comets,  yet  left  much  uncertainty  as  to  tbe  conclusion  to  be 
derived  from  them.  To  clear  up  this  uncertainty  as  much  as  possible  has  been 
the  object  of  Mr.  Seares'  invFBtijiation.  end  the  new  determination  of  the  ele- 
ments ol  the  comet  189i  IV  has  been  a  first  step  in  the  inveMigation. 

Tbe  comet  was  so  faint  and  the  weather  so  bad  that  the  total  number  of  ob- 
servations ot  the  comet  was  only  6-i  tor  right  ascension  and  63  for  declination. 
By  comparing  these  observations  with  an  ephemcris  from  Mr.  Chandler's  ele- 
ments in  Astrooomical  Journal  No.  338  Mr.  Seares  formed  seven  normal  places, 
and  after  correcting  these  for  pcrlnrbations  by  Jupiter,  Saturn,  Mars,  and 
Earth,  calcolated  corrections  to  the  elements  by  &  leaat  square  solution  o(  differ- 
ential formulfE. 

Tbe  definitive  elemenls  thus  ob(ained  arc  as  follows: 

Epoch  15»4,  Dec.  1.0.    Osculation  1894.  Dec.  10.0. 
Af„=      S"    22'    58".2  ±     4".2 
«    ^345      23      11.1      ±     44) 

li    =    4.8      i8      234     ±  27.7S1900.0 
i      =       2      57      55  8     ±      1.4-) 
»    32    34      51      37,3     -t     7.1 
/t    =    605".9999   ±  0".'j665. 

These  elements  place  the  perihelion  passage  on  Oct.  12.  IXSt,  and  make  the 
period  5.855  years.  The  next  perihelion,  neglecting  perturbations,  would  be  Aug. 
20, 1900. 


GENERAL  NOTES. 

It  is  scarcely  necessary  to  say  that  the  Leonids,  though  comparatively  few  in 
November  anywhere,  make  something  of  a  display  in  January  from  the  pages  of 
this  magaxine.  Some  of  tbe  charts  present  only  a  lew  true  Leonids,  and  none  a 
great  many  in  view  of  what  was  expected,  yet  it  has  seemed  best  to  give  many 
reports  from  widely  different  localities  in  the  hope  that  some  usefnl  data  may  be 
gained  to  help  in  solving  some  troublesome  questions  about  the  real  location,  di- 
9  and  characteristics  of  tbe  orbit  of  the  Leonid  strean 
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48  General  Notes. 

R«porU  from  Leonid  Observers.— We  hare  some  more  reports  of  Le- 
onids observed  in  other  localities  not  ;et  pabUsbed.  We  have  set  aside  other 
matter  tbie  month,  and  given  large  space  to  this,  for  reasooe  already  given 
above.  In  presenting  otber  reports  later,  we  have  still  the  same  object  in  view, 
TIE.:  tfaat  or  making  as  full  a  sarvty  of  the  observational  side  as  is  possible  un- 
der tbe  ci re nm stances. 

The  New  Photographic  Telescope  of  the  Potsdam  A  strophes  leal 
Observatory.— We  have  just  received  a  beautiful  photograph  of  the  Rreat 
telescope  recentlv  completed  for  the  Astrophjsical  Observatory  at  Potsdam, 
Germany.  No  description  accompanies  the  photograph  and  ne  have  seen  no 
reference  to  the  telescope  in  recent  publications  except  tbe  barest  mention  that  it 
nas  in  tbe  process  of  construction  and  that  it  was  to  be  a  photographic  re- 
fractor consisting  of  two  telescopes,  the  photographic  objective  having  an 
aperture  of  BOcm  (=  31.5  inches)  and  tbe  visual  objective  having  an  aperture  of 
SOcai  (^=  19.7  inches).  The  photograph  (Plate  1)  shows  the  telescopes  to  be  in 
position  in  the  dome  and  that  they  have  approximately  the  same  focal  length. 
The  instrnment  will  be  of  great  value  for  photographing  faint  objects,  like  the 
■mailer  nebulae  and  star  clusters,  on  a  scale  large  enough  to  show  their  details  of 
structure  plainly.  We  preiome  also  that  a  large  part  of  its  work  will  be  in  con- 
nection with  the  spectroscopic  study  of  the  fainter  stars. 

Orbit  of  the  Fifth  Satellite  of  fnpiter.— The  careful  and  thorough 
work  done  in  1898  and  1899  in  observing  the  Hfth  satellite  ofjupiler  by  Profes- 
sor E.  B.  Barnard,  with  the  4U  inch  equatorial  of  Yerkes  Observatory,  has  al- 
ready received  full  notice  at  home  and  abroad  in  various  scientific  publications. 
il  observations  have  made  it  possible  for  tbe  mathematical  as- 
9  to  study  tbe  orbit  of  this  new  satellite  with  confidence  that  some  un- 
certainties about  it  will  be  removed.  Years  ago,  Tisserand  called  attention  to 
the  fact  that  early  observations  showed  that  the  orbit  of  tbe  satellite  had  eccen- 
tricity. This  led  Professor  Barnard  to  plan  a  series  ot  observations  ol  the  posi- 
tions of  the  satellite  that  should  be  as  nearly  continuous  as  possible  in  order  to 
settle  this  question.  One  result  which  he  obtains  from  the  work  of  the  last  two 
years  is  a  period  of  revolution  for  the  satellite  which  tie  regards  as  correct  to  one 
one-hundredth  of  a  second  of  time.    Tbe  period  given  in  his  recent  paper  on  this 

ll''57-22'.647. 
Tisserand's  results  from  early  observations  gave  a  daily  motion  to  the  apse  line 
of  +  2''.*2,  and  an  eccentricity  of  orbit  equal  to  0.OO73.  By  Protesaor  Bar- 
nard's later  observations,  it  appears  that  .Tisaerand's  daily  motion  of  the  apse 
line  is  too  small,  its  true  value  being  more  nearly  -|-  2''.465,  making  a  complete 
revolution  of  the  orbit  in  4.9  months. 

It  is  snggeated  by  a  writer  in  a  late  number  of  Natare  that  "  an  interesting 
question  may  also  be  settled,  by  continued  observation  of  this  satellite;  that  is, 
the  distribution  of  matter  at  the  equator  of  Jupiter  itself,  as  the  motion  of  tbe 
perijove  of  the  satellite  does  not  agree  with  that  deduced  from  tbe  actual  polar 
compression  of  the  planet."  This  gives  opportunity  for  more  fine  micrumctrlcal 
work  by  the  aid  of  a  large  telescope. 
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The  Astronomical  Director  of  the  United  States  Naval  Observa- 
tory.—The  expiration  of  the  lime  limit  (or  the  office  of  ABtronomical  Director 
for  ProtcBsor  William  Harknesia  at  the  United  States  Naval  Observatory,  Wash- 
in^toD,  D.  C,  occurred  Uec.  17,  1899.  Hit  retirement  completes  the  list  ol  those 
men  who  have  been  long  in  service  together  in  the  professorships  of  matheaiatics 
at  the  Observatory,  Fii:  Professors  Hall,  Frisbj,  East  man  and  Harkncss.  The  time 
of  service  of  these  eminent  men  at  the  Observatory  has  been  during  a  transition 
period  of  the  character  nod  history  of  our  national  astronomical  Observatory. 
When  these  men  came  it  was  little  more  than  a  depOt  of  charts  with  some  as- 
tronomical instruments  needed  for  the  rating  of  chronometers  and  tbe  observa- 
tions for  the  Nautical  Almanac  and  the  American  Ephemcris.  The  ability  of 
these  men  in  their  chosen  profession,  and  in  a  long  and  skillful  service,  laithfully 
rendered  at  their  respective  posts,  has,  more  than  anything  else,  brought  the 
Naval  Observatory  to  a  rank  vvorthy  of  a  national  name  which  it  noes  not  yet 
bear.  This  transition  period  has  been  one  of  conflict,  trouble,  jealousy  and  ill- 
manaKment  that  have  defeated  n^uch  ol  the  best  work  that  might  have  added 
largely  to  the  usefulness  of  the  Observatory  to  astronoiry  and  the  country  at 
large.  Notwithstanding  this  these  men  have  lived  throueh  it  it  all.  and  each 
and  all  of  them  have  come  to  honorable  retirement  when  they  were  at  their  best 
in  scientific  ability  and  experience  for  the  performance  of  professional  work  to 
which  they  have  ambttionsly  devoted  their  whole  lives. 

From  a  recent  iiaml>er  of  the  Washington  Star,  we  copy  the  following  state- 
ment about  Professor  William  Barkness,  who  is  the  last  in  retirement  of  the 
four  persons  referred  to ; 

"Professor  Harkneas  was  born  in  Scotland,  Dec.  17,  1837,  and  came  with 
his  father,  who  was  a  Presbyterian  minister,  to  the  United  States  when  a  mere 
child.  He  entered  the  University  at  Rocliester,  N.  Y.,  and  graduated  in  1  858. 
He  studied  medicine  in  New  York,  became  an  M.  D.  in  1862,  and  cnlisied  as  a 
•nrgeon  in  the  Federal  army.  He  resigned  that  position,  was  appointed  an  aid 
in  the  United  States  Navbl  Observatory  io  1863,  and  became  a  professor  of 
mathematics  tbe  same  year. 

"His6r«t  scientific  work  was  with  the  the  United  States  monitor  Monad- 
nock,  in  1864-6  rn  investigating  compasses  and  iron-clad  vessels.  On  his  return 
he  was  attached  to  the  Hydrographic  Office.  While  observing  a  total  eclipse  of 
tlie  Sun  at  Des  Moines,  Iowa,  in  1869.  he  discovered  the  1874  line  of  the  Solar- 
Corona.  In  1871  Prodeasor  Harknesa  was  attached  to  tbe  'Transit  of  Venus 
Commission,' and  designed  the  instruments  of  tbe  expedition.  In  1 878  he  was 
placed  in  charge  of  the  government  part;  which  observed  tbe  total  eclipse  of  that 
year  at  Creston,  Wyo.  In  1882  he  was  made  executive  officer  of  the 'Transit  of 
Vetina  Commission,'  and  reduced  tbe  photographic  work  of  tbe  namerons  obser- 
TBtiona  taken. 

"  Among  bis  inventions  are  the  sphereometcr  caliper,  for  measuring  inequali- 
ties of  the  pivots  of  astronomical  instruments.  In  1690  Professor  Harkoess  was 
made  astro nomical  director  of  tbe  United  States  Naval  Observatory.  In  1897, 
on  tbe  retirement  of  Professor  Newcomb,  he  was  made  bead  of  the  Nautical  Al- 
manac. As  a  member  ot  various  scientific  societies,  be  has  contributed  numerous 
reports  on  mathematical  astronomy  and  the  application  of  mechanics  to  astron- 
omy. His 'Solar  Parallax  and  its  Related  Constants"  isoneot  the  most  import- 
ant. Professor  Harkness  has  been  honored  with  the  degree  of  A.  M.,  Lafayette 
College,  and  with  the  degree  of  LL.  D.  from  Rochester  University.  He  will  con- 
tinue his  scientific  work  in  Washington  in  bis  retirement. 
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The  Aadromede  Meteors.— The  iii);bta  of  Nor.  22  and  23  were  cloudy  at 
Nortbfidd.  The  24th  was  perfectly  clear  up  to  10^  p.  u.  and  a  conaiderable- 
aumber  of  meteors  were  seen  by  Bcveral  persons.  On  account  of  another  en> 
g'agement  aystematic  watch  was  not  kept  until  after  lO**. 


SOUTH 

Mbteobs  Charted  During  thb  Ansboubub  Sqowbk, 
Not.  24, 1899,  by  H.  C.  Wilaon  and  atttdenta  at  Goodsell  Observatory. 

In  the  first  Are  minutes,  one  Dbserver  counted  10  meteors,  ell  from  Androm- 
eda, while  the  others  were  getting  the  apparatus  for  cfaartioK  into  position.  Af- 
ter this  the  meteors  came  more  slowly  and  soon  clonds  covered  the  sky,  lasting 
until  about  11»,  when  the  aby  cleared  again  and  remained  clear  until  the  Moon 
roae.  The  ahower  was  evidently  nearly  over  at  11  o'clock,  for  after  that,  though 
the  sky  was  perfectly  dear,  the  meteors  were  very  few.    The  few  that  were 
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charted   between   10  P.  M.  and  1  a.  m.  place  the  radiant  about  one-thiid  of  the 
way  on  a  liae  from  ^  to  ip  Andromedfe. 

On  the  eveniuK  of  the  25th  watch  was  kept  occasioaalt;  bat  no  Andromedes 


The  AndromedeB — The  Andromedes  shower  was  a  fine  one  for  one  night. 
On  NoTetnbeT  20.  1899  I  watched  for  lorernnners.  The  sky  was  half  overcast. 
Bat  in  spite  of  that  I  saw  one  of  the  third  magnitnde  at  T.IO  of  a  white  color, 
Tbe21st,  22d  and  23d  were  cloady.  But  on  the  24th  the  shy  was  excellent.  A 
clondlem  and  moonless  sk;.  I  bej^an  observationH  at  7:00  sharp.  I  bad  a 
table,  chair,  clock  and  maps  and  iastrnments.  1  noticed  all  throafcb  the  ni^bt 
that  the  Tanrids  were  also  at  their  best,  and  I  saw  eleven  in  all,  while  fixing  mj 
attention  on  the  constellation  Andromeda.  Tbey  were  all  bright  and  four  very 
bright  ones.  1  sew  at  one  time  three  in  one  minate  all  of  0  magnitude.  Saw  in 
all  sxty-four  Bielidsdnriog  the  time  between  7:00  and  10:02.  Two  on  difierent 
nights.  One  on  the  20th  and  one  on  the  25th  the  only  one  I  uw  between  7:00 
and  8:30.  Most  of  them  were  fairly  bright.  I  saw  two  of  O  magnitude ;  one  in 
the  north-west  and  another  that  went  through  Pegasns  and  left  a  two-por- 
tioned trail  of  a  green  to  blue  color.  This  trail  lasted  two  seconds.  I  had  a 
■c&meta  ready,  but  did  not  set  it  because  I  thought  the  shower  wonid  be  better 
the  neit  night. 

To  sum  up  my  observations:— 
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Tbe  whole  number  of 
dromedes  and  t  wo  shootinf; 
probably  the  numher 
There  were  two  radian 


vas  SO,  consisting  of  Taurids,  Bielids  or  An- 
1  did  not,  by  good  luck,  sit  up  until  11:00  or 
would  have  been  perhaps  nver  a  hundred. 
ip(A-1)and  (A-2). 


first  near  the  star  4  and  then  gradually  moved  to  fl  Andromedac. 
Glen  Road.  Jamaica  Plain,  Boston,  Mass. 


An  Inter«BtliiK  Object.— Near  5:30  p.  u.  on  Thursday,  Nov,  2,  1899,  a 
hazy  light  ipot,  aomethinii  like  a  tiery  mitt,  large  enough  to  easily  attract  atten- 
tion, made  its  appearance  near  the  horizon,  north  of  east.  This  spot  became 
rapidly  distinct  as  it  approached,  changing  from  a  hazy  mist  into  a  redder  ball, 
which  changed  iato  a  peculiarly  beautifnl  white  light,  becoming  more  defined  and 
with  a  Inminons  train  growing  larger  and  brighter  and  more  beautiful  as  it 
■lowly  glided  westward.  Its  course  from  the  point  where  it  appeared  was  due 
west  and  moving  in  a  straight  line  almost  parallel  10  the  horizon  lasted  fully  one 
minute.  When  at  about  two-thirds  of  its  flight  across  the  ak;  the  ball  of  light 
seemed  not  to  explode  but  rather  part  into  three  distinct  bodies  which  moved  on 
in  the  same  path.  Gradually  the  two  bodies  following  aeparaled  from  the  head 
until  at  a  certain  distance  which  was  kept  the  remainder  of  their  flight.  The 
second  ball,  smaller  than  the  other  two,  keeping  midway  between. 

Presently  the  lace  of  the  head  light  began  to  dissolve  into  fiery  red  flakes 
that  were  soon  flying  about  the  two  bodies  following  which  were  almost  lost  to 
view  but  could  be  distinguished  by  their  whiter  appearance.  At  a  point  almost 
due  north  the  lights,  while  making  a  short  turn  from  their  aavaried  straight 
coarse,  disappeared  leaving  a  very  dark  cnri  of  smoke.  pbed  hatcu. 

Baldwin,  Kansas. 


Iveonids  at  Nen  York  City.— It  may  interest  jou  to   hear  from  your 
iteern  observers  of  the  Leonid   meteors,  our  Mr.  Chas.  Lembke,   Mr.  Otis 
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WHttlesanrl'vir.  H'.ltz  nf  the  Gierz  I^ns  Co..  Berlin.  We  stationed  oiirMlvei  at 
the  Broaklvn  Mn-eiim  of  Arts  imri  Scicnies,  |m)vi(le(1  witli  cameras  cqnatonBllT 
mounteil  providoil  witli  li'idrr  tii«l  slow  mniion  in  riijlit  ascension.  The  leows 
used  were 4+  portrait  tul>e  an^l  len"eB  i,'''"""'*  V  Chas.  Lembhe.  Jr.  The  other 
I  supplied  with  u  G.)erx  aitij^iuat  iviJe  an^le  lens. 


Photucraphic  Cameha  bv  Gall  &  Lbmskb. 
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Our  disappointment  was  very  great,  as  oor  station,  frev  from  faomes  or  aay 
interlerence  except  the  brilliancy  of  moonshine.  We  have  not  seen  a  Binft'^ 
meteor  neither  on  Thursday  1  a.  ii.  to  4  A.  M.,  nor  the  lullowing  morninf;. 


The  Foncnnlt  Pendttlum  Experiment.— A  brief  article  appears  in  No. 
9  of  the  Journal  of  the  British  Astronomical  Association  concerning  the  Foucault 
Pendulum  experiment  to  show  the  rotation  of  the  Earth  on  its  axis.  This  ex- 
periment was  first  performed  hy  Foucault  at  the  Pantheon,  in  Paris  in  1851. 
Prom  the  article,  above  referred  to,  it  is  learned  that  nearly  two  centuries  before 
this  date,  thoEe  who  were  experimenting  with  the  pendulum  at  Florence  bad  ob- 
served tbe  rotation  of  the  plane  of  oscillation,  nnd  that  Vincenzo  Viviani,  the 
pnpil  of  Galileo,  had  recorded  the  observation  "in  a  note  which  was  found 
amoDnat  his  writings  relatinK  to  the  motion  ot  the  pendulum  but  which  remained 
UD published."  The  members  of  the  Florence  Academy  understood  this  fact  thor- 
ongbly,  bat  they  could  not  give  the  reasons  for  it.  The  demonstration  as  we 
now  know  was  6r9t  given  by  Foucault  about  two  centuries  later. 

It  is  easy  to  perform  the  experiment  in  a  rough  way,  now.  and  it  is  doubtless 
done  in  must  colleges  of  this  country  which  use  the  laboratory  method i  in  teach- 
ing astronomy  to  any  considerable  extent.  We  have  at  CaHcton  College  shown 
tbe  rotation  of  th~  plane  of  nscillation  with  a  pendulum  only  12  feet  long  in  less 
than  one  half  hour.  We  have  nsed  a  smooth  sphere  of  iron  S  inches  in  diameter 
weighing  1 00  pounds  ahd  suspended  it  with  steel  wire  so  na  to  give  a  length  of 
about  2i  feet.  Ifcarefully  suspended  such  a  peadulum  will  swing  tor  two  or  three 
boars,  and  show  a  deviation  of  plane  ol  vibration  at  the  rate  of  10  degrees  per 
hour,  Touebty,  in  latitude  45°,  end  alwoya  in  the  right  direction  to  thow  rota- 
tion of  the  Earth  to  eaatwarii.  When  we  could  get  a  chance  to  swing  the  pendu- 
lum with  a  length  of  100  feet,  as  has  been  true  in  one  instance,  in  the  use  of  the 
Steeple  of  a  large  church,  the  results  came  out  beaut  ifully  and  with  greater  accu- 
racy in  swings  of  about  one  hour  periods.  To  gain  accurate  results  by  such  an 
experiment  the  raountiog  ul  the  pendolum  must  be  done  with  very  great  care. 

Lovte  Observatory,  Echo  Mutantala,  Dec.  9,  1899.— t  have  read  in 
the  November  number  <il  I'opuc.ar  Aktronomv  Mr.  Herman  Duvi»' description 
of  a  lunar  rainbow  ea  se™  by  him.  1  subscrihe  to  his  assertion  that  they  are 
somewhat  rare  from  my  own  experience,  having  during  the  past  60  years  seen 
but  fcw.  This  calls  to  mmrt  a  desire  I  long  have  lelt  to  leiirn  if  many  of  the 
readers  of  your  Popular  Astronomical  journal  ever  s&w  a  solar  rainbnw  in  the 
north?  I  have  seen  but  two.  and  therefore  conclude  that  the  phenomenon  is  of 
rare  occnrrence,  in  fact.  leHson  teaches  that  it  must  lie  rare,  for  it  depends  on  the 
simultaneous  occurrence  ol  four  distinct  events:  1st.  it  must  (sny  in  the  middle 
states)  occur  during  the  three  winter  months;  3d,  it  must  take  place  at  noon; 
3d,  it  mast  be  raining  in  [lie  north;  and  4th,  the  Sun  must  be  shining  in  tbe 
aoatb.  As  the  apex  of  the  bow  is  low,  it  also  requires  tu  see  it  an  unobstructed 
northern  horizon. 

My  last  and  the  most  conspicuous  of  the  twii  was  seen  from  the  elevated 
tower  of  the  Warner  Observatory  in  Rochester.  N.  Y..  some  eight  yenis  ago.  In 
Southern  Catiforni:i  it  so  seldom  rains  a  rainbow  in  any  direclior  is  rarely  seen. 
I  have  seen  on  a  few  occasions  detached  pieces  of  one.  but  seMom  is  one  seen  en- 
tire from  horizon  to  boriion.  Lkwis  swift. 
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Belipae  of  the  Moon  at  !>«■  Kloinea,  la.— The  ecKpse  of  tbe  Moon, 
Dec.  16, 181)8,  na>  obierTcd  and  enjoyed  b;  a  large  nninber  of  the  citizens  of 
Dei  Moinea. 

Tbe  diaappaintment  in  not  seeing  the  expected  Leonids,  Nov.  12-16,  led  to 
■kepticism,  on  the  part  of  some  people,  as  to  tbe  calculations  and  predictions  of 
astroaomers,  and  confidence  was  in  h  measnre  restored  by  seeing  the  eclipse  oc- 
car  at  tbe  hoar  predicted. 

Tbe  first  contact  was  not  generally  well  seen  becaase  of  clouds  near  the 
horizon,  bat  within  a  very  few  minutes  tbe  arc  of  tbe  segment  o(  the  shadow 
was  plainly  visible  on  tbe  Moon. 

While  the  sky  was  slightly  hazy  the  entire  evening,  yet  it  was  sufficiently 
clear  to  make  tbe  eclipsed  Moon  a  beautiful  naked-eye  object  from  6  to  9  p.  m. 

At  tbe  middle  of  the  eclipse  tbe  center  of  the  Moon  was  quite  dark,  but  the 
"aeaa"  showed  up  finely  in  the  finder  of  the  telescope,  and  Tycho  was  quite 
easily  seen.    Tbe  very  slightly  protruding  rough  edge  of  the  bright  limb  was  in- 

t,  and  after,  the  middle  of  the  eclipse  was  readily 


Z^eonlds  at  Cleveland,  Ohio.— With  ten  assistants  from  my  astronomy 
class  I  watched  for  meteors  from  Monday  to  Friday  night  inclusive,  November 
13th  to  18th.  During  this  time  we  had  one  boar  of  clear  sky  on  Friday  morn- 
ing. We  counted  five  meteors  and  photographed  three  8  x  10  plates.  Tbe 
weather  was  most  unfortunate  and  the  results  obtaioed  here  are  of  no  value 
whatever.  1  write  you  personally,  not  for  publication,  to  let  you  know  that  we 
tried  to  do  our  part  in  watching  this  shower.  chas.  s.  howb. 

Professor  of  Astronomy. 

Case  Obsssvatorv,  Case  School  of  Applied  Science,  Cleveland,  Ohio. 


Leonids  and  Andromedea  at  Carlisle,  Pa.— 1  beg  to  make  a  brief  re- 
port of  recent  meteoric  observations  in  this  vicinity.  Cloudy  weather  interferid 
very  disappbi^tingly  on  Nov.  13,  1 1,  15  and  16th  and  our  party  sew  but  one  Le- 
onid, although  we  kept  up  our  constant  watch  for  hours  each  night.  We  were 
well  ntuated  on  an  elevation  away  from  tbe  glare  of  the  electric  lights  of  town 
and  bad  charts,  etc.,  ready,  but  the  clouds  persisted  in  interveuing. 

However,  tbe  observations  from  Andromeda  were  more  encouragiug.  Tbe 
qnmbcr  seen  on  the  night  of  Nov.  22-23  was  89,  including  one  of  wonderful 
brightness  going  toward  and  nearly  to  St.  Cygnua.  Others  were  faint  by  com- 
parison as  this  big  one  cast  a  distinct  shadow.  The  course  was  straight  and  the 
trail  was  visible  for  some  seconds  afterwards. 

A  party  ol  five  of  us  saw  161  meteors  on  the  following  night.  These  were  all 
from  Andromeda,  with  the  exceptions  of  several  Caseiopeids  end  a  very  pretty 
Leonid,  the  latter  going  as  far  west  aa  Polnris  at  12.30  a.  m.  on  Nov.  24th.  A 
nnmber  of  the  Andromedes  were  particularly  brilliant  and  created  much  enthiisi- 
aam.  The  average  was  about  one  per  minute.  At  intervals  there  would  be 
three  or  tour  in  rapid  succession  and  in  two  instances  there  were  two  going  in 
the  same  direction  at  the  same  time.  Tbe  sky  was  cloudless  and  all  of  Che  con- 
stellations were  exceedingly  clear  and  distinct.  e,  n.  foiciit. 

Cablislb.  Pa..  Nov.  30.  1899. 

The  Central  Star  In  the  RltiK  Nebnla.— In  Aatran.  Nachr.,  No  3607, 
Mr.  W.  Stratanoff,  of  the  Tachkent  Observatory,  Russia,  gives  the  results  of  a 
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•tad;  of  aome  70  photographs  of  the  Ring  Nebula  in  Ljra,  with  refercDCe  to  a 
TBrietioD  ia  the  brightncM  of  the  central  star,  which  ia  abown  in  all  photo- 
grapba,  bat  which  ii  visible  to  the  eye  only  with  the  aid  of  a  very  large  telescope. 
He  finds  a  variation  of  only  a  third  of  a  magnitude  and  thinks  it  doabtfnl  if 
this  can  be  regarded  as  real.  The  photographs  conaidercd  cover  the  period  from 
1895  to  1899,  and  their  exposnrea  were  from  22"  to  l*  23"". 

Mr.  Stratanoff  has  also  made  four  long  expoanres  upon  this  nebala,  three  of 
10>|  and  one  oT  20"  duration.  These  long  eiposurea  make  the  relative  magnitade 
of  the  central  star  Icfs,  as  compared  with  the  stars  ontside  the  nebala,  than  do 
the  short  exposures.  Mr.  StratanofF  suggests  that  this  may  be  accounted  for  by 
supposing  the  central  star  to  be  nebulous,  giving  upon  the  plates  an  image 
whose  intensity  increases  more  slowly  than  does  that  of  a  star  proper.  He  says 
also  that  his  plates  show  the  contour  of  this  star  to  be  irregularand  filamentous, 
thus  diftering  Irom  the  other  stars. 

Uniformity  of  Matliematlcal  Symbols.— Profeaaor  K.  B.  Maynca,  of 
the  University  of  Minnesota,  has  prepared  a  brief  but  thoughtful  paper  recently 
on  the  desirability  of  uniformity  in  the  use  of  mathematical  terms  and  symbols. 
Although  some  of  the  symbols'  having  two  meanings  have  been  long  in  ase.  and 
most  are  well  understood  by  mathematicians  Kenerally;  for  those  who  begin  the 
atudy  of  this  ambiguity.  Professor  Haynes  thinks,  ia  a  source  of  needleas  coo- 
fnaiun  that  might  be  remedied. 

After  indicating  how  this  ma;  be  done,  be  gives  some  czamplea  of  this 
ambiguity  in  the  following  illustratiotis: 

"The  word  'cancel'  is  used,  frequently  in  the  same  work,  in  the  sense  of  the 
striking  out  of  equal  factors,  and  the  striking  out  of  nnmerically  equal  terms 
withoppoaitesigna. 

The  symbol  0  (zero)  ia  used  to  signify  an  entire  absence  of  nnmber  and  an  in- 
fiaiteaimally  smell  number. 

In  many  works  Naperian  logarithms  are  said  to  be  characterized  by  the 
modulus  unity,  while  in  others  such  logarithms  are  called  natural  Ingarithms. 

Katio  is  defined  both  as  the  qnotient  of  the  antecedent  divided  by  the  con- 
sequent, and  the  consequent  divided  hy  the  antecedent. 

The  aymbiil  lor  multiplication  (X)  is  said  to  mean 'times. "multiplied  by' 
and  'into,'  some  of  which  meanings  are  incorrect,  if  the  multiplier  must  be  an 
abstract  num  tier. 

The  term  parameter  is  used  to  signify  the  double  ordinate  through  the  locus 
of  a  conic  section,  and.  again,  as  'an  arbitrary  constant  entering  into  an  equa- 
tion ol  a  locus,  but  whicii  is  made  variable  by  hypnthesii.' 

The  hasr  of  a  system  of  logarithma  is  aymbotized  by  e.  as  is  also  the  eccen- 
tricity of  a  conic  secti'in. 

The  word  'decimal'  ia  used  with  Iwo  mennings. 

Even  the  Wi)rd  'sum'  is  used  ivilh  a  double  meaning  While  in  most  caaes  it 
is  used  to  signify  the  nKgrexnie.  yet  it  is  also  empl')yed  to  indicate  the  limit  of 
the  sum,  us  is  the  case  in  dealing  with  an  infinitt ,  decreasing  geometrical 
progression. 

The  word  "liiirtl'  as  defined,  genernlly  excludes  the  number  toward  which  it 
constantly  npproflclies.  lint  sometimes  it  does  not. 

The  word  pole'  as  used  in  analjiical  geometry,  and  as  u«ed  in  the  theory  of 
functions  nf  a  complex  variahle.  hnx  entirciv  difT.rent  meanings 

The  word  iQiial,'  a*  used  in  different  works  on  geometry,  is  applied  to  fig- 
ures having  the  same  mugnitude  and  form,  or  to  those  having  tbe  aame  magni- 
tude nnd  niitikefnim. 

Quadratic  equations,  invnivingb'iih  the  srcind  and  first  powers  of  the  uo- 
linown  quai'titi,  and  th<'Se  inuolving  only  the  second  power  of  the  unknown 
qnaniitv.each  have  at  least  two  tiainrs. 

While  the  Greek  Hvmbol  (n)  isused  to  express  the  ratio  between  the  circum- 
ference ol  a  circle  ond  its  diameier,  and  also  to  signify  the  product  of  an  inbnite 
aeries  of  factors. 

Spherical  degree  na   uwd  in  geometry  ia  an  objectionable  term,  lor  it  signifies 
area  rather  than  difference  ol  direction." 

With  ttieae  illnairations  as  a  basis  Professor  Haynea  makea  a  Strong  appeal 
for  needed  revision  in  mathematical  language. 


I    yV^.OOglC 


„  Google 


Photogkafh  of  the  Sun  May  18,  1894. 

Tiktn  11  Goodtell  ObHivilory. 

POPD1.AII  Astronomy,  No.  73, 
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Popular  Astronomy. 


ToL  Vm,  Ho.  2.  FEBEUABY,  1900. 


WILLIAM  H.  PICKBRINO. 
For  PoputtB  Abtbohouv. 

The  Moon  rose  at  Cambridge  at  about  9''  30""  G.  M.  T.  The 
first  contact  of  the  shadow  was  at  11"  45'",  the  middle  of  the 
eclipse  at  IS*"  26'",  and  the  last  contact  at  15"  07'".  Magnitude 
of  the  eclipse  according  to  the  American  ephemeris  0.996,  My 
observations  with  the  15  inch  equatorial  were  confined  to  a 
study  of  four  formations,  namely,  Riccioli,  Schroter's  Valley, 
Linn^,  and  the  large  irregular  plain  west  of  Webb.  These  obser- 
vations  were  made  with  the  view  of  determining  if  any  altera- 
tions took  place  in  these  objects  due  to  their  passage  through  the 
Earth's  shadow.  These  same  formations  had  been  examined  at 
the  time  of  the  eclipse  of  December  27,  1898,  with  the  same 
view  in  mind,  as  detailed  in  the  Harvard  Observatory  Annals, 
Vol.  XXXII,  page  256.  On  that  occasion  changes  had  been  sus- 
pected in  LinnC"  and  Webb,  but  it  was  felt  that  the  observations 
required  confirmation. 

On  the  present  occasion  a  light  veil  of  cirrus  clouds  covered  the 
sky,  rendering  the  definition  remarkably  good  for  this  locality. 
Before  the  eclipse  the  seeing  was  6  upon  the  standard  scale,  af- 
terwards it  was  S.  Since  the  libration  carried  Kiccioli  far 
towards  the  eastern  limb,  it  was  hoped,  for  reasons  given  in  the 
article  above  mentioned,  that  some  evidence  of  change  due  to  the 
eclipse  might  be  detected  in  it.  None  could  be  found,  however, 
nor  was  any  alteration  observed  in  Schroter's  Valley,  nor  in  the 
plain  near  Webb. 

At  the  time  of  the  eclipse  of  1898  the  seeing  was  very  bad  at 
Cambridge,  but  fortunately  I  had  requested  Mr,  Douglass,  who 
was  then  at  Flagstaff,  to  measure  the  north  and  south  diameter 
of  Linn€  upon  the  five  nights  of  December  25,  26,  27,  28  and  29. 
He  did  so,  and  as  a  result  wrote  me  "I  should  say  that  the 
crater  was  smaller  on  the  27th  than  on  the  other  four  nights, 
but  exhibited  a  slight  increase  of  size  for  thirty  minutes  after  to- 
tality."   That  the  crater,  or  more  strictly  speaking  the  white 
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spot  surrounding  it,  would  be  smaller  on  the  27th  than  on  the 
other  four  dates  was  what  I  had  expected,  from  observations  al- 
ready made  at  Cambridge,  but  what  the  effect  cf  the  eclipse 
would  be  upon  it  was  at  that  time  only  a  matter  of  conjecture. 
However,  the  change  was  what  I  had  supposed  would  take 
place,  although  Mr.  Douglass  was  at  the  time  unaware  of  that 
fact. 

During  the  present  eclipse  especial  pains  were  taken  to  repeat 
these  measures  with  the  greatest  care  possible.  The  shadow  of 
the  Earth  reached  Linn€  at  12''  IT'"  and  left  it  at  14"  46'", 
duration  of  obscuration  2''  29'".  The  magnifying  power  em- 
ployed was  550  diameters.  The  white  spot  was  slightly 
elliptical,  the  position  angle  of  its  major  axis  being  82° 
with  regard  to  the  Earth's  meridian.  The  ellipticity  as 
measured  by  the  scale  of  ellipticities  was  1.12  before  the  eclipse, 
and  1.10  afterwards,  these  numbers  representing  the  ratio  of 
the  major  to  the  minor  axis.  The  following  measures  of  the 
minor  axis  were  secured.  The  first  two  columns  of  the  table 
give  the  date  and  Greenwich  Mean  Time  of  the  observations,  the 
third  gives  the  number  of  days  since  the  Sun  rose  upon  Linnc, 
the  fourth  the  quality  of  the  seeing,  the  fifth  the  mean  difference 
of  the  six  micrometer  readings  constituting  a  single  observa- 
tion, the  sixth  the  residuals,  and  the  seventh  the  average  devia- 
tion. The  eighth  column  gives  the  micrometer  reading  corrected 
for  the  breadth  of  the  threads,  the  ninth  its  reduction  to  arc,  and 
the  last  the  final  value,  after  applying  the  subjective  correction, 
which  in  my  case  amounts  to  0".25. 
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As  shown  in  the  volume  of  the  Annals  above  mentioned,  the 
diameter  of  the  white  spot  about  Lion^  two  days  after  sunrise  is 
4",  by  the  eighth  dayafter  sunrise  it  reaches  aminimum,  and  is  re- 
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duced  to  2",  and  two  days  before  sunset  it  has  increased  to 
about  3".5.  It  will  be  noticed  in  the  above  table  the  first  three 
measures  made  upon  the  fifth  and  seventh  days  are  larger  than 
any  of  the  others. 

The  first  reading  made  upon  the  date  of  the  eclipse  as  com- 
pared with  its  two  successors  made  immediately  afterwards,  is 
unaccountably  large.  This  is  probably  due  in  part  to  the  in- 
ferior seeing,  which  would  have  this  effect,  and  in  part  to  acci- 
dental errors.  Omitting  it  from  consideration  for  the  present, 
we  find  that  before  the  eclipse  the  mean  diameter  of  the  spot  was 
2".00,  immediately  after  the  eclipse  it  was  2".ll,  and  soon  after 
that  it  was  reduced  to  1".95.  The  mean  of  the  first  two  and  the 
last  two  is  1".97,  which,  subtracted  from  the  reading  made  im- 
mediately affer  the  eclipse  is  0".14,  corresponding  to  0.17  miles 
or  0.26  kilometers.  That  is  to  say,  owing  to  the  eclipse,  the 
white  spot  surrounding  Linne  apparently  increased  in  diameter 
by  about  one-sixth  of  a  mile.  Including  the  rejected  measure, 
the  mean  of  the  five  readings,  to  be  compared  with  that  taken 
immediately  after  the  eclipse  is  2".03,  giving  an  enlargement  due 
to  the  eclipse  of  0".08. 

Although  these  results  certainly  cannot  be  called  conclusive, 
still,  they  tend  to  confirm  those  already  obtained  by  Mr.  Doug- 
lass during  the  previous  year,  both  in  the  fact  of  the  existence  of 
an  enlargement,  and  also  in  the  observation  that  the  effect  is  of 
short  duration;  and  perhaps  that  is  all  that  can  be  expected, 
when  we  consider  how  small  a  quantity  is  involved.  There 
seems  to  be  a  strong  reason  to  believe,  as  has  been  already 
stated,  that  the  size  of  Linn^  increases  as  the  Sun  approaches 
its  horizon,  and  if  this  is  so,  it  certainly  seems  natural  to  sup- 
pose that  it  should  increase  in  size  if  the  Sun's  light  were  with- 
drawn from  it  altogether.  At  all  events  that  is  the  effect  which 
■  has  been  observed  at  two  different  eclipses,  by  two  different  ob- 
servers, one  of  whom  had  no  personal  bias,  since  he  did  not 
know  what  to  expect. 

Harvard  College  Observatory, 
December  24,  1899. 
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CONCERNING  THE  EARTH'S  MOTIONS. 

0B080B8.  HODGINS. 


POK  'POPU 

The  expression,  so  often  used  in  everyday  conversation,  "Im- 
movable as  the  Earth;"  is  after  all,  only  relatively  trae,  and 
could  not  be  accepted  for  a  moment,  as  a  sctentiSc  statement  of 
fact.  Equally  open  to  a  little  friendly  criticism,  in  this  regard, 
are  the  well  known  words,  in  which  Juliet  adjures  her  lover:  "  O 
swear  not  by  the  Moon,  the  inconstant  Moon,  that  nightly 
changes  in  her  circled  orb,  lest  that  thy  love  prove  likewise  varia- 
ble." The  Moon  is,  however,  not  i::ore  inconstant  than  the  very 
globe  upon  which  Juliet  stood.  Invesiigation  by  astronomers 
has  revealed  the  fact  that  the  Earth  is  circling  and  swinging  and 
chan^ng  its  course  in  a  manner  that  is  well  nigh  baffling  to  the 
understanding. 

In  the  first  place  our  Earth  revolves  upon  its  axis,  as  any 
school  boy  knows,  just  as  an  orange  may  be  made  to  rotate 
round  a  knitting  needle,  thrust  through  its  volume.  It  is,  of 
course,  this  motion  which  gives  us  the  endless  succession  of  day 
and  night.  If  the  equator  be  regarded  as  a  huge  wheel,  it  makes 
one  complete  revolution  in  about  23  hours  and  56  minutes.  Dur- 
ing  this  period  of  time,  the  Sun  has  moved  forward  in  its  course, 
over  a  million  miles,  so  that  the  Earth  requires  to  continue  its  ro- 
tations for  4  minutes  longer,  in  order  that  it  may  bring  the  same 
mericTian,  under  the  central  beam  of  light  from  the  Sun,  which 
shone  on  it,  at  the  beginning  of  any  one  of  its  rotations.  It  thus 
makes  the  period  of  rotation  24  hours  for  each  day  and  night. 
The  period  of  23  hours  56  minutes  is  called  the  sidereal  day  ;  and 
the  24-hour  period  is  the  solar  day. 

Passing  on  to  the  annual  motion  of  the  Earth  round  the  Sun, 
we  find  that  this  revolution  is  the  one  which  produces  the  sea- 
sons, in  regular  succession.  The  path  or  orbit  ot  the  Earth  round 
the  Sun  follows  a  line,  which  is  simply  a  vast  elli])se.  The  major 
axis  of  this  ellipse,  is  given,  by  some  authorities,  so  as  to  place 
the  Sun, approximately, three  and  a  half  millions  miles, nearer  one 
end  of  the  ellipse  than  the  other. 

It  may  be  advantageous,  just  here,  to  glance  at  one  of  the 
properties  common  to  all  ellipses.  There  are,  in  every  true  ellipse, 
two  points,  situated  on  the  greater  diameter,  called  foci.  An 
ellipse  has  been  shortly  defined,  as  a  plane  curve,  such  that  the 
sum  of  the  distances  from  any  point  of  the  curve,  to  the  two  fixed 
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points,  is  a  constant.  It  may  be  added,  that  the  two  foci,  are,  of 
course,  always  separated  by  a  line  of  constant  length. 

The  Earth,  then,  swings  round  the  Snn  in  a  path  called  an  el- 
lipse, the  Sun , occupying  one  of  the  foci.  As  the  Earth  swings 
past  the  Sun,  at  the  nearer  end,  one  would  expect  that  at  this 
portion  of  its  path,  it  would  receive  more  heat,  than  when  at  the 
farther  end,  as  it  is  then  about  three  and  a  half  millions  of  miles 
nearer  the  great  source  of  heat  and  light.  Paradoxical  as  it  may 
seem,  northern  countries  experience,  at  this  nearer  approach  to 
the  Sun,  their  winter  season.  At  the  more  distant  end  of  the  or- 
bit these  northern  lands  enjoy  their  summer  weather.  The  reason 
for  this  lies  in  the  fact  that  the  axis  of  the  Earth  is  tilted,  and 
makes  an  angle  with  the  plane  of  its  own  orbit  of  about  G6Y^°. 
The  consequence  of  this  axial  tilt  is,  that  when  the  Earth  is  closer 
to  the  Sun,  the  rays  of  heat  fall  more  obliquely  on  the  northern 
hemisphere,  than  they  do  when  the  Earth  assumes  its  more  dis- 
tant position.  The  rapidity  of  the  Earth's  motion  about  the  Sun 
has  been  estimated  at  about  19  miles  per  second. 

Glancing  now,  very  briefly  at  another,  and  more  complex  mo- 
tion of  our  planet,  one  may  say  that  the  above  holds  good  on 
the  assumption  that  the  inclined  axis  of  the  Earth  always  moves 
parallel  to  itself,  during  the  entire  cycle  round  the  Sun,  Though 
the  axis  does  approach  very  close  to  absolute  parallelism,  all  the 
way  round,  yet,  strictly  speaking,  it  is  not  so.  The  tilt  of  the 
axis,  and  the  Earth's  peculiar  shape  give  rise  to  a  curious  and  in- 
teresting motion,  which  astronomers  have  called  the  precession 
of  the  equinoxes. 

The  shape  of  the  Earth  is  not  that  of  a  perfect  sphere.  It  is  in 
reality  that  of  an  oblate  spheroid,  or  in  other  words,  it  is  slightly 
flattened  at  the  poles  and  bulges  oat  in  the  neighborhood  of  the 
equator.  The  polar  diameter  of  the  Earth  is  somewhere  about 
26  miles  shorter  than  its  equatorial  diameter.  This  equatorial 
protuberance,  is  at  times,  above  and  again  below,  the  line  join- 
ing the  centres  of  Earth  and  Sun,  owing  to  the  tilt  of  the  axis  of 
the  former.  The  effort  of  the  Sun's  attraction,  acting  along  the 
line  of  centres,  on  this  protuberant  mass,  tends  to  draw  the 
Earth  into  such  a  position  that  the  axis  of  the  latier  shall  be 
perpendicular  to  the  plane  of  its  orbit  about  the  Sun.  This  ef- 
fort, directed  upon  a  rapidly  rotating  body,  like  our  Earth, 
causes  each  pole  to  describe  a  circle,  traced  out  in  the  heavens,  in 
a  manner  similar  to  that  of  a  spinning  top,  whose  axis  revolves 
slowly,  in  a  cone.  The  revolution  of  the  Earth's  axis  round  this 
circle,  which,  if  the  poles  be  supposed  to  be  prolonged  until  they 
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reach  the  stars,  above  and  below  the  Earth,  is  a  very  slow  one 
indeed,  and  in  marked  contrast  to  the  rapid  diurnal  rotation 
and  annual  rates  of  revolution.  The  complete  revolution  of  the 
axis,  or  the  precession  of  the  eqninoxes,  requires  a  period  of  no 
less  than  25,827  years. 

From  this  it  will  be  evident  that  the  true  polar  point  in  the 
heavens  is  slowly  and  gradu<jlly  shifting  its  place  among  the 
stars.  The  star  in  the  northern  heavens  which  we  know  as  Po- 
laris, or  the  Pole  Star,  is  only  a  close  approximation  to  the  true 
north  point.  No  one  point,  therefore,  remains  permanently  as 
our  celestial  pole. 

It  has  been  calculated  by  competent  authorities,  and  found, 
that  at  the  date  of  the  construction  of  the  Great  Pyramid  of 
Egypt,  in  the  year  2170  B.  C,  the  pole  star  ol  that  remote  epoch 
was  the  first  star  in  the  Dragon,  more  correctly  called,  a  Dra- 
conis.  At  the  present  time  a  Urs£e  Minoris,  or  the  brightest  star 
in  the  Little  Bear,  is  the  nearest  observable  point  to  our  true 
north,  and  is  in  more  than  name,  the  North  Star. "  In  the  south- 
ern celestial  hemisphere,  there  is  no  conspicuous  star  to  mark  the 
polar  point.  The  precession  of  the  equinoxes  is  so  called  because 
the  equinoxial  points  on  the  Earth's  orbit  revolve  slowly  around, 
with  the  circling  poles. 

In  considering  this  motion,  one  is  compelled  to  notice,  the  mod- 
ification of  it,  which  is  effected  through  the  agency  of  the 
Moon's  attraction.  This  modification  is  called  nutation,  or  the 
nodding  of  the  pole.  The  path  of  the  Moon  is  inclined  to  that  of 
the  Earth  at  an  angle  of  about  5°,  and  her  attraction  when 
above  and  below  the  protuberance  at  our  equator,  is  able  to 
modify  the  lines  traced  by  the  poles,  on  the  heavens,  due  to  the 
Sun's  attraction.  The  Moon's  attractive  force,  though  much 
less  than  the  Sun's,  by  reason  ol  her  inferiority  of  mass,  is  yet 
very  considerable,  owing  to  her  comparative  proximity  to  our 
planet.  By  the  delicate  balancing  of  her  power  with  that  of  the 
Sun,  it  is  found  that  she  is  able  to  compel  the  otherwise  circular 
tine,  traced  by  our  poles  on  the  heavens,  to  assume  a  sinuous 
form.  The  deviation  from  the  circle  which  the  Sun  would  cause 
our  pole  to  trace,  passes  as  much  outside  it  as  it  does  within,  so 
that  the  resulting  figure  is  renlly  a  scalloped  circle,  if  one  may  so 
say;  forming  an  exquisitely  beautiful  and  sinuous  line.  The 
period  required  to  make  one  "  nod"  in  the  pole's  course  is  about 
18%  years.  The  motion,  or  rather,  modification  of  motion 
which  we  call  nutation,  effects  a  series  of  slight  undulations  in 
the  otherwise  theoretical  circle,  traced  by  the  pole  in  its  "  preces- 
sion." 
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Next  in  order  coraes  that  motion  of  the  Earth  called  the  ad- 
raace  of  the  apsides.  In  order  to  properly  consider  it,  we  must 
here  go  back  to  our  great  ellipse  or  path  of  the  Earth  around  the 
Sun.  The  apsides  are  the  two  points  on  this  ellipse  having,  re- 
spectively the  greatest  and  least  distance  from  the  Sun.  They  are, 
in  fact  the  ends  of  the  major  diameter  of  the  ellipse.  When  at 
either  of  these  points,  the  Earth  is  said  to  be,  as  the  case  may  he, 
in  perihelion,  when  near  the  Sun,  and  in  aphelion,  when  away 
from  the  Sun.  These  two  points  together  with  the  whole  ellipse 
or  Earth  path,  move  slowly  forward  in  the  direction  of  the 
Earth's  motion. 

'The  Earth  revolves  round  the  Sun  in  its  diurnal  motion  from 
west  to  east,  turning  upon  its  axis,  just  as  if  it  were  being  rolled 
over  and  over,  on  the  outer  surface  of  the  Sun.  In  its  annual  mo- 
tion round  the  central  luminary,  it  moves  in  exactly  the  same  di- 
rection, as  if  rolled  over  the  Sun's  surface.  In  the  same  direction 
also  the  apsides  advance.  This  motion  is  caused  by  the  attrac- 
tion of  [upiter.and  the  other  planets.  It  amounts  to  about  1°  23' 
per  century,  so  that'in  about  26,024  years,  the  advancing  apsides 
would  complete  one  cycle.  When  computed  with  reference  to 
time,  we  find  that  there  is  a  difference  in  the  length  of  the  year, 
as  measured  by  theadvance  of  the  apsides  and  that  of  the  sidereal 
year  This  latter  is  the  time  required  by  the  Earth,  leaving  any 
point  in  the  heavens,  and  returning  to  it  again.  The  year  meas- 
ured by  this  apsidal  motion  is  4  minutes  and  39  seconds  longei 
than  the  sidereal  year,  which  latter  is  365  days,  6  hours,  9  min- 
utes and  10  seconds. 

Another  modification  of  the  Earth's  motion  is  caused  by  the 
tilting  or  swaying  of  the  fcliptic.  This  is  also  due  to  the  attrac- 
tion of  our  giant  neighbor,  Jupiter,  and  his  fellow  planets.  The 
ecliptic  is  the  name  given  to  the  plane  of  the  Earth's  orbit.  It 
may  be  supposed  that  this  plane  is  extended  outward  in  all 
directions  until  its  edges  touch  the  fixed  stars,  exactly  like  the 
surface  of  a  level  liquid,  with  the  Earth  floating,  half  immersed 
in  it.  The  Earth's  axis  stands,  as  has  been  said  above,  at  an 
angle  of  about  66'/2°  to  the  ecliptic  and  it  therefore  makes  the 
complementary  angle  of  23V2°  with  a  line  standing  perpendicular 
to  the  ecliptic.  The  ecliptic  does  not,  however,  lie  motionless 
like  the  surface  of  a  level  liquid  ;  but  is  moved  up  and  down,  or 
tilted  about  a  line  joining  the  equinoxial  points,  just  as  a  table 
might  be  tilted  up  at  one  end,  and  down  at  the  other,  about  a 
line  drawn  straight  across  it,  in  the  middle,  from  side  to  side. 
This  tilting  up  and  down,  of  the  ecliptic,  will  necessarily  alter 
the  angles  GGV^"  and  23V^°  just  given.    The  limits  of  the  tilting 
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motion  are  from  23°  53',  with  the  perpendicalar  line,  to  23°  54', 
or  through  an  angle  of  *59'.  In  the  year  2000  B.  C.  it  had  the 
former  greater  angle,  and  it  is  predicted  that  somewhere  about 
6000  A.  D.  the  lesser  limiting  angle  will  be  reached.  At  the  pres- 
ent time  the  angle  is  decreasing;  though  it  is  very  close  to  23i^°. 

The  seventh  motion,  or  rather  variation  of  motion  :n  the 
Earth's  course  are  its  perturbations.  This  term  is  applied  to  the  ' 
slight  alterations  in  the  elliptic  form  of  the  Earth-path,  about 
the  Sun.  It  consists,  at  one  time  ol  a  fiatteniiig  of  the  curve  of 
the  orbit,  and  at  another,  of  an  increase  in  the  degree  of  curva- 
ture as  the  Earth  approaches  or  recedes  from  its  planetary 
neighbors.  These  perturbations  can  be  calculated  before  hand 
for  each  case. 

The  eighth  and  last  motion  of  our  Earth  is  through  space,  to- 
gether with  the  Sun  and  the  whole  of  our  solar  system.  This 
motion,  as  far  as  can  be  judged  up  to  the  present  time,  is  in  an 
apparently  straight  line.  It  is  in  the  direction  of  the  star  known 
as  T  Herculis.  The  rate  of  advance  along  this  line  is  at  the 
prodigious  speed  of  1,296,000  miles  per  day.  The  apparently 
straight  line  upon  which  the  Earth,  Sun  and  planets  are  travel- 
ing, has  been  held  by  some  to  be  really  a  curve  ol  great  magni- 
tude, having  for  its  centre,  v  Tauri,  more  familiarly  known  as 
Alcyone — the  brightest  star  in  the  Pleiades. 

Briefly  to  recapitulate: — We  have  traced  in  merest  outline  five 
proper  motions  of  the  Earth,  viz:  The  diurnal,  the  annual,  the 
precession  of  the  equinoxes,  the  advance  of  the  apsides,  and  the 
motion  through  space.  The  modifications  of  motion,  if  they 
may  be  so  called,  appear  to  be  three  in  number:  nutation,  the 
perturbations  and  the  tilting  of  the  ecliptic.  Thisdivision  is  sug- 
gested as  an  easy  method  of  classification,  though  the  reader 
may  prefer,  with  perfect  propriety,  to  alter  the  classification  for 
himself.  It  is,  however,  a  wonderfully  complex  picture  presented 
by  our  Earth,  as  it  spins,  and  circles,  nods  and  sways,  rolls  and 
rushes  with  terrific  speed,  on  through  space;  never  in  reality 
passing  through  or  near  the  same  point  again,  once  it  has 
quitted  it.  It  moves  onward  with  resistless  sweep,  majestically, 
without  jar  or  tremor  of  motion.  With  no  hint  of  its  rapid 
flight,  it  hastens  on,  to  its  appointed  goal,  working  out  its  des- 
tiny in  the  appointed  way,  fulfilling  as  it  goes,  the  inspired 
words  which  tell  us  that  "  while  the  Earth  remaineth,  seed  time 
"and  harvest,  and  cold  and  heat,  and  summer  and  winter,  and 
"  day  and  night  shall  not  cease," 
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WORK  OP  THE  BRITISH  ASTRONOMICAL  ASSOCIATION.* 

Roughly,  our  members  may  be  divided  into  three  classes,  viz.: 
— First,  the  professional  astronomers,  connected  with  established 
Observatories,  and  having  at  their  disposal,  more  or  less  ample 
instrumental  equipment.  Second,  amateurs  having  instruments 
fitted  for  serious  work  and  possessing,  moreover,  a  fair  amount 
of  experience  in  the  use  of  such  instruments.  And  third,  members 
who  are  students  of  astronomy,  but  who  are  either  not  possess- 
ors of  instruments  at  all,  or  who  have  not  facilities  for  observa- 
tional work  of  an  original  kind.  This  third  class  may  possibly  be 
advantageously  subdivided  as  I  shall  indicate  later  on. 

As  regards  the  first  class,  the  professional  astronomers,  it  is,  I 
am  sure,  a  great  satisfaction  to  us  all  .that  we  have  been  able  to 
enroll  so  many  of  them  in  our  ranks.  A  reference  to  our  list  of 
members  will  show  that  it  includes  professional  astronomers  in 
nearly  every  civilized  country,  men  whose  names  are  household 
words,  and  the  history  of  whose  work  constitutes  to  a  great  ex- 
tent the  history  of  the  recent  progress  of  our  science.  It  is  impos- 
sible to  overrate  the  value  to  our  association  of  the  collaboration 
of  these  professional  astronomers.  Their  contributions  to  our 
publications  may  be  comparatively  few,  for,  as  p  rule,  the  ac- 
counts of  their  researches  are,  almost  of  necessity,  issued  through 
other  channels ;  but  we  are  indebted  to  them  for  some  very  valu- 
able papers,  while  we  have  constantly  benefitted  by  their  pres- 
ence at  our  meetings  and  by  their  aid  in  various  ways.  Without 
them  the  status  of  our  association  would  certainly  not  be  what 
it  now  is. 

Next,  as  to  the  second  class,  that  consisting  of  amateurs  pos- 
sessing more  or  less  excellent  instrumental  equipments.  It  is  this 
class  which  has  formed  the  backbone  of  our  observing  sections, 
and  to  it  is  due  the  bulk  of  the  original  work  which  has  been  re- 
corded in  the  publications  of  the  association.  In  the  admirable 
-address  delivered  from  this  chair  last  year  by  our  valued  Vice- 
President,  Mr.  Wesley,  special  reference  was  made  to  the  organiz- 
ation of  our  observing  sections,  and  to  the  excellent  work  which 
those  sections  have  done  and  are  still  doing.  It  will  be  quite  un- 
necessary  for  me  to  go  again  over  the  ground  which  Mr,  Wesley 
covereij  so  thoroughly,  but  I  do  wish  to  strongly  endorse  the 
view^s  which  he  expressed  as  to  the  value  of  the  feature  which 
these  observing  sections  have  formed  in  our  organization,  and  as 
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to  the  great  debt  we  owe  to  the  directors  by  whom  these  sections 
have  been  controlled.  Unfortunately  we  have  to  mourn  the  loss 
during  the  past  year  of  one  of  the  most  valued  of  these  directors, 
Miss  Brown,  but  if  anything  could  console  us  for  this  loss,  it  is 
the  knowledge  that  the  work  which  she  so  ably  inaugurated,  and 
which  she  carried  on  until  the  last  with  such  conspicuous  ability 
and  enthusiasm,  will  be  continued  with  the  most  conscientious 
thoroughness  under  the  new  director,  Farther  Cortie. 

It  is  satisfactory  to  know  that  this  second  class  of  our  mem- 
bers upon  whom  we  depend  so  much  for  original  work,  is  an  ever 
growing  one,  while  year  by  year  it  is  becoming  possessed  of  more 
powerful  and  more  perfect  instruments.  And  this  brings  me  to  a 
point  on  which  I  wish  to  say  a  few  words,  namely,  the  influence 
of  the  large  telescopes,  with  which  some  of  our  more  important 
Observatories  are  now  provided,  on  the  usefulness  of  the  work  of 
amateur  observers.  In  considering  this  point  it  must  be  borne  in 
mind  that  the  great  telescopes  o(  the  present  day  are  of  a 
very  different  class  from  the  giant  instruments  of  the  past.  The 
great  reflectors  of  Herschcl,  of  Lassell,  and  of  Rosse  were  all  in- 
struments made  and  used  by  amateur  astronomers,  and  although 
they  possessed  great  light-grasp  and  did  some  admirable  work 
they  were,  owing  largely  to  the  nature  of  their  mountings,  utterly 
unfitted  for  the  class  of  observations  on  which  the  large  tele- 
scopes of  the  present  day  are  chiefly  employed.  The  36-in.  and 
60-in.  reflectors  of  Dr.  Common  may,  perhaps,  be  regarded  as  the 
latest  of  this  older  class  of  large  telescopes,  although  it  would 
probably  be  more  just  to  consider  Dr.  Common's  instruments  as 
forming  a  connecting  link  between  the  giants  of  the  past  and 
present. 

In  the  case  of  such  large  refractors  as  those  at  Pulkowa,  at 
Washington,  at  Vienna,  at  Mount  Hamilton,  at  Nice,  at  the  Yer- 
kes  Observatory,  and  at  Greenwich  the  cost  of  the  telescope  itself 
is  but  a  small  portion  of  the  total  outlay  incurred.  Not  only 
must  such  an  instrument  be  thoroughly  well  mounted  to  fit  it  lor 
modern  research  work,  but  it  must  be  protected  by  a  well  con- 
structed dome,  and  in  order  that  every  moment  of  good  seeing 
may  be  utilized,  provision  should  be  made  for  effecLing  all  move- 
ments of  both  telescope.and  dome  with  the  least  possible  amount 
of  labor  to  the  observer  using  the  instrument.  How  perfectly 
this  can  be  done  is  well  shown  by  the  great  Yerkes  refractor, 
which,  notwithstanding  its  enormous  size  and  weight,  can,  with 
its  dome,  be  so  readily  handled  by  the  electric  motors  with  which 
it  is  provided,  that  it  can  be — and  is — efficiently  used  by  a  single 
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observer  through  a  whole  night,  without  any  assistance  what- 
ever. It  is  satisfactory  to  know  that  two  of  our  own  members, 
Messrs.  Warner  and  Swasey,  were  responsible  for  both  the  design 
and  construction  of  this  admirably  perfect  mounting,  while  the 
rising  floor,  which  forms  such  an  important  feature  in  the  equip- 
ment of  both  the  Yerkes  and  Lick  Observatories,  and  contributes 
so  much  to  the  convenient  use  of  these  large  telescopes,  is  the  in- 
vention of  another  of  our  members,  Sir  Howard  Grubb. 

But  by  the  time  a  refractor  of  this  kind  has  been  erected  and 
equipped  the  outlay  upon  it  will  have  become  so  large,  that  it 
would  be  utter  folly  to  use  the  instrument  for  work  other  than 
that  for  which  its  great  power  renders  it  specially  fitted.  The 
result  of  this  is  that  our  modern  giant  telescopes  are,  with  few 
exceptions,  employed,  not  in  doing  work  which  was  formerly 
done  by  smaller  instruments,  but  in  doing  wofk  which  formerly 
could  not  be  done  at  all.  Such  for  instance,  is  the  bulk  of  stellar 
spectroscopic  work  including  determinations  of  velocity  in  the 
line  of  sight,  the  measurement  of  close  double  stars,  the  spectro- 
scopic examination  of  nebulie,  the  discovery  of  new  planetary 
satellites,  and  similar  matters.  We  see,  therefore,  that  the  es- 
tablishment of  these  powerlul  telescopes  has  been  accompanied 
by  the  development  of  new  fields  of  research,  and  that  the  work 
which  was  formerly  done — ard  can  still  be  well  done — by  instru- 
ments of  moderate  size,  has  not  been  reduced.  On  the  other 
hand,  many  professional  astronomers  have  withdrawn  from  the 
work  which  they  formerly  did  with  the  instruments  then  avail* 
able,  and  they  have  thus  left  to  amateur  observers  the  continu- 
ance of  their  former  labors. 

We  thus  see  that  there  is  ample  work  for  the  members  forming 
our  observing  sections  and  that  such  work,  if  faithfully  carried 
out  and  recorded  with  judgment  and  discrimination,  is  calcu- 
lated to  be  of  great  and  permanent  value. 

This  brings  me  to  a  somewhat  delicate  point  on  which  it  is, 
I  think,  my  duty  to  say  a  few  words:— 1  mean  the  character  of 
the  reports  of  our  observing  sections.  Now  the  report  of  a 
section  may  be  of  two  kinds,  namely,  it  may  be  a  simple  record 
of  all  the  work  done  by  the  members  of  that  section  ;  or  it  may 
be  a  digest  of  the  facts  which  the  labors  of  the  section  have 
elicited.  A  report  of  the  first  kind  possesses  the  advantage  that 
it  gives  full  credit  for  the  work  of  individual  observers,  and  so 
far  acts  as  an  encouragement  to  further  efforts;  but  one  is  apt 
to  rise  from  the  perusal  of  such  a  report  with  a  very  confused 
idea  of  what  it  all  means,  and  as  a  document  for  reference  it 
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certainly  leaves  much  to  be  desired.  A  report  of  the  second  kind, 
on  the  other  hand,  if  carefully  drawn  up  by  an  observer  having 
special  experience  in  the  matters  dealt  with,  such  as  the  director 
of  a  section  naturally  possesses,  is  a  work  not  merely  of  great 
present  interest,  but  of  permanent  value,  and  adds  materially  to 
the  standing  of  the  society  by  which  it  is  published.  If  our  funds 
were  abundant  we  might,  no  doubt  with  advantage,  give  our 
sectional  reports  a  dual  character,  publishing  more  or  less  in  full 
the  records  of  individual  observations,  and  adding  a  digest  of 
the  facts  dedHce<l  by  the  director  from  those  observations.  In 
this  way  we  should  be  imitating  the  procedure  of  a  Royal  Com- 
mission, which  accompanies  its  report  by  a  reprint  of  the  evi- 
dence on  which  that  report  is  founded.  But,  unfortunately,  our 
funds  are  far  from  being  abundant,  and  w*  are,  therefore,  bound 
to  practice  strict  economy,  and  to  endeavor  to  spend  our  mone^- 
so  that  it  may  be  of  the  greatest  benehf  to  our  members  gener- 
ally. It  is  thus  eminently  desirable  that  our  sectional  reports 
should  be  of  the  character  of  digests  of  facts  prepared  by  the 
.  directors,  and  that  the  engravings  should  be  only  such  as  are  re- 
quired to  illustrate  these  facts  and  render  clear  points  which  can 
not  be  so  well  explained  verbally.  I  fear  that  the  adoption  of 
this  course  may  lead  to  some  disappointment  of  individual 
workers,  and  to  the  non-publication  of  many  admirabledra  wings 
which,  if  our  funds  allowed,  we  should  be  most  desirous  to  re- 
produce, I  hope,  however,  that  members  of  sections  will  see  the 
necessity  of  the  course  I  have  foreshadowed,  and  that  they  will, 
at  all  events  for  the  present,  be  content  with  a  less  full  record  of 
their  individual  work  than  that  to  which  they  may  possibly 
deem  they  are  entitled. 

And  this  brings  me  to  another  point,  namely,  the  mode  of  re- 
cording the  work  of  our  sections.  While  it  is  at  present  impos* 
sible  for  us  to  print  anything  like  full  records  of  the  work  of  in- 
dividual observers,  it  is  eminently  desirable  that  such  records 
should  be  available  for  future  reference.  In  order  that  this  end 
may  be  conveniently  attained,  however,  it  is  essential  that  the 
reports  of  the  observers  forming  any  section  should  be  sent  to 
the  director  in  some  uniform  style,  and  written  on  paper  of  a 
standard  size.  The  selection  of  the  form  of  the  individual  reports 
is,  of  course,  to  a  great  extent  a  matter  to  be  decided  by  the 
directors  of  sections ;  but  1  think  that  all  directors  might  agree 
as  to  a  uniform  size  and  character  of  paper,  and  I  would  suggest 
ruled  foolscap  would  be  as  convenient  as  any.  Every  report  of 
an  observation,  however  brief,  should  be  written  on  paper  of  the 
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standard  size,  the  writing  being  on  one  sid^  only,  and  a  broad 
margin  being  left  on  the  left -band  side  of  each  page  for  the  addi- 
tion of  marginal  notes  or  cross  references  by  the  director,  I 
happen  to  have  had  throagh  my  hands  the  individual  reports  re- 
ceived by  more  than  one  of  our  directors  of  sections,  and  I  have 
been  struck  by  the  great  amount  of  extra  labor  which  is  but 
too  otten  thrown  upon  the  director  of  a  section  by  the  varied 
character  of  the  notes  of  observations  Rent  to  him.  When  such 
notes  are  contained  in  letters  of  aH  sizes,  written  on  both  sides 
of  the  paper,  and  often  mixed  up  with  other  matter,  one  cannot 
wonder  that  the  task  of  unearthing  and  digesting  the  facts  is 
one  which  a  director  is  not  greatly  inclined  to  undertake.  On 
the  other  hand,  individual  notes  on  sheets  of  aniform  size  can  be 
readily  classified,  and  after  the  preparation  of  the  director's  re- 
ports they  can  be  conveniently  collected  and  preserved  in 
pamphlet  cases  in  our  Ubrary  for  future  reference.  Altogether  I 
would  strongly  urge  the  consideration  of  this  point  on  our 
directors  of  sections. 

I  have  now  to  deal  with  the  third  class  of  our  members, 
namely,  those  who  are  either  non  observers  or  who,  if  they  ob- 
serve at  all,  are  provided  with  a  very  limited  instrumental  equip- 
ment.  This  is  a  very  large  and  important  class,  and  it  may,  a: 
have  already  hinted,  be  conveniently  sub-divided  into  at  least 
tw^o  sections,  one  comprising  those  who  already  possess  a  con- 
siderable knowledge  of  astronomy,  and  the  other  consisting  ol 
those  who  are  more  or  less  beginners  in  the  study  of  our  science. 
To  both  these  sections  our  Association  should  be  of  considerable 
service,  while  both,  on  the  other  hand,  can  materially  aid  the 
objects  which  the  Association  has  in  view. 

To  our  members  forming  the  first  sub-division  much  really  use- 
ful work  is  open.  In  the  first  place  they  may  render  valuable 
aid  to  our  observing  sections.  Nominally,  oi  course,  our  sec- 
tions should  consist  of  actual  observers,  but  as  I  have  already 
pointed  out,  observations  can  only  be  estimated  at  their  full 
value  when  carefully  arranged  and  compared,  and  I  see  no  real 
reason  why  the  ranks  of  our  observing  sections  should  not  in- 
clude members  who,  although  not  observers  themselves,  are 
competent  to  discuss  and  compare  the  observations  of  others. 
It  has  to  be  borne  in  mind,  too,  that  such  discussions  of  obser- 
vations as  I  am  here  referring  to,  should  not  be  confined  to  the 
examination  of  new  observations  only;  on  the  contrary,  it 
should  include  comparisons  with  past  published  records,  for  it  is 
only  by  sach  comparisons  that  the  true  lessons  of  many  new  ob- 
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servations  can  be  learned.  The  questions  of  the  periodicity  of 
the  changes  in  the  markings  on  Jupiter  is  a  case  in  point. 

Such  aid  to  the  work  of  the  observing  sections  as  I  am  fore- 
shadowing would  also  include  the  calculation  of  cometary  and 
double  star  orbits;  the  preparation  from  the  records  of  double 
star  observations  of  lists  of  pairs  appearing  to  demand  special 
attention;  the  examination  and  comparison  of  records  of  vari- 
able stars ;  the  examination  of  lunar  photographs  and  their  com- 
parison with  older  charts  and  drawings ;  the  comparison  of  old 
and  new  planetary  observations,  and  much  other  work  of  a  cog- 
nate  kind.  How  valuable  may  be  the  aid  to  astronomical  prog- 
ress rendered  by  researches  of  this  class,  carried  out  by  one  who 
is  not  himself— or  herself— an  observer  is  admirably  shown  by 
the  writings  of  one  of  our  own  members,  Miss  Gierke,  whose 
books  and  papers  we  all  so  greatly  value.  Altogether,  I  feel  cer- 
tain that  tiie  collaboration  of  competent  non-observing  members 
would  be  welcomed  cordially  by  the  directors  of  most  of  our  ob- 
serving sections. 

Then,  agfiin,  there  are  other  directions  in  which  the  class  of 
members  with  whom  I  am  now  dealing  can  do  useful  work. 
Some  may  strike  out  original  lines  of  mathematical  or  geometri- 
cal investigation,  as  has  been  done  by  Mr,  Whitmell,  whose  pa- 
pers contributed  to  our  "Journal"  aid  us  so  much  in  realizing 
aspects  of  tlie  solar  system  regarded  from  other  planets  than  our 
own;  others  may  take  up  optical  matters  and  assist  in  the  per- 
fecting of  our  telescopes  and  spectroscopes,  as  Mr.  Thorpe, 
while  still  others  may  afford  to  our  hard-working  editor  much 
needed  assistance  in  his  preparation  of  those  abstracts  of  for- 
eign astronomical  publications  which  form  so  valuable  a  feature 
in  our  "Journal."  I  have,  however,  I  think,  said  enough  to 
show  the  fact  of  not  possessing  an  observatory  or  instrumental 
equipment  is  no  bar  to  the  accomplishment  by  competent  mem- 
bers of  work  of  real  value  to  our  Association  and  to  astronomi- 
cal science  generally. 

I  have  now  finally  to  deal  with  the  second  section  of  the  third 
of  the  three  classes  into  which  I  have  ventured  to  divide  our 
members.  This  section,  it  may  be  remembered,  consists  of  those 
who  are  commencing  the  study  of  astronomy,  I  will  not  call 
these  members  "learners,"  because  that  is  really  not  a  distinctive 
term.  An  astronomer  devoted  to  his  science  never  ceases  to  be 
a  " learner"  however  eminent  he  may  become;  and,  in  fact,  w^ith 
the  growth  of  knowledge  comes  inevitably  the  growth  of  the 
conviction  that  great  as  has  been  the  progress  of  astronomical 
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discovery  we  have  as  yet  only  touched  the  fringe  of  that  great 
science  whose  possibilities  are  as  limitless  as  space  itself.  Using 
then,  for  the  want  of  a  better,  the  term  "beginners"  to  denote 
the  class  of  members  of  which  I  am  now  speaking  I  wish  before 
concluding  this  address — already  I  fear  protracted  to  an  undue 
length — to  offer  a  few  remarks  on  the  manner  in  which  I  con- 
sider that  the  studj-  of  astronomy  can  be  most  advantageously 
commenced. 

In  the  first  place,  however,  let  me  comment  briefly  on  certain 
complaints— for  the  most  part  very  mildly  expressed— which 
have  from  time  to  time  reached  me  from  beginners  as  to  the 
character  of  the  contents  of  our  publications.  These  complaints 
assume  that  inasmuch  as  tht  promotion  of  the  study  of  as- 
tronomy is  one  of  tlie  chief  objects  of  our  Association,  that 
therefore  our  "Journal"  should  be  devoted  largely  to  the  ex- 
planation of  elementary  astronomical  facts.  Now  this  is  such 
an  untenable — and  I  should  have  thought  obviously  untenable — 
assumption,  that  1  should  not  have  referred  to  it,  had  I  not  had 
evidence  that  it  is  somewhat  widely  held,  but  held,  I  believe,  un- 
thinkingly. The  proper  object  of  our  "Journal"  is  not  to  afford 
elementary  astronomical  information,  which  can  far  better  be 
obtained  from  text  books,  but  to  record  progress  and  to  supple- 
ment text  books  by  keeping  our  members  fully  informed  with  re- 
gard to  new  discoveries  and  current  astronomical  work.  Such 
elementary  information  as  beginners  require  is  to  be  sought  not 
in  our  "Journal"  but  in  our  library,  while  our  "query  box"  af- 
fords a  ready  means  of  obtaining  explanations  on  points  which 
text  books  may  not  make  clear. 

I  trust  that  the  remarks  which  I  am  about  to  make  on  the 
commencement  of  the  study  of  astronomy  will  not  lead  anyone 
to  suppose  that  I  in  the  least  underrate  the  value  of  the  numer- 
ous popular  works  on  our  science,  or  the  admirably  illustrated 
magazine  articles  dealing  with  astronomical  subjects,  of  which 
BO  many  have  appeared  during  recent  years.  On  the  contrary. 
I  believe  such  books  and  articles  have  done  great  good,  and 
have,  by  the  interest  they  arouse,  caused  many  additions  to  be 
made  to  the  ranks  of  amateur  astronomers.  But  the  beginner 
who,  wishing  to  study  astronomy,  confines  his  attention  solely 
to  sach  writings  as  I  have  just  referred  to  is  much  in  the  posi- 
tion of  a  man  who  thinks  he  can  become  a  soldier  by  reading 
glowing  accounts  oJ  hard  won  victories.  Such  a  beginner,  who 
has  had  his  imagination  stirred  by  the  examination  of  beauti- 
fnlly  reproduced  photographs  of  comets,  or  nebulae,  or  lunar 
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views,  is  apt  to  experience  more  or  less  severe  disappointment 
when  he  is  shown  these  objects  through  a  telescope  of  moderate 
size.  Not  having  had  experience  in  observing,  he  misses  much 
detail  which  even  such  an  instrument  can  show,  and  realizing 
how  far  what  be  sees  falls  short  of  what  he  had  been  led  to  ex- 
pect, he  is  apt  to  jump  to  the  conclusion  that  observational  as- 
tronomy, at  all  events,  offers  few  attractions  to  those  who  have 
not  at  command  an  expensive  instrumental  equipment. 

Now  this  conclusion  is  an  utter  mistake,  a  fact  which  the  begin- 
ner who  approaches  the  study  of  astronomy  in  the  proper  spirit 
will  soon  recognize.  It  has  to  be  borne  in  mind  that,  great  as 
are  the  attractions  of  modem  astro-physical  research,  the  real 
basis  of  our  science  is  that  which  is  sometimes  called  bj  way  of 
distinction  "gravitational  astronomy."  It  has  further  to  be 
borne  in  mind  that  the  earlier  astronomers  working  with  instru* 
ments  of  a  very  elementary  kind  obtained  a  considerable  knowl- 
edge— which  was  in  many  respects  really  remarkable  for  its  ap- 
proximate  accuracy — as  to  the  motion  of  the  heavenly  bodies, 
and  as  to  the  phenomena  presented  by  the  chief  members  of  our 
solar  system.  Now,  what  was  done  in  the  olden  times  can 
be  done  in  the  present  day,  and  I  wish  to  prominently  direct  the 
attention  of  beginners  to  the  fact  that  by  the  employment  of 
quite  simple  apparatus  they  may  make  observations  which  will 
bring  home  to  them,  in  a  way  which  mere  reading  can  never  do,  a 
knowledge  of  many  astronomical  phenomena  which  they  will  find 
to  be,  not  only  of  immediate  interest,  but  of  great  value  to  them 
in  their  further  studies. 

What  I  wish  Jo  urge,  therefore,  is,  that  those  commencing  the 
study  of  astronomy  should  not  be  content  with  reading  only, but 
should  ^vork  in  the  open  air,  faithfully  and  systematically  re- 
cording their  observations,  however  elementary  these  may  be.  I 
lay  great  stress  on  this  latter  point,  because  unrecorded  observa- 
tions have,  as  a  rule,  little  educational  value.  The  mere  fact  of 
describing  in  writing  any  observation,  however  simple,  which  has 
been  made  is  of  immense  assistance  in  securing  completeness  and 
accuracy.  Of  course,  the  country  offers  greater  facilities  than 
towns  do  for  this  out-of-door  work,  but  there  are  few  towns 
where  access  cannot  be  had  to  some  convenient  site  giving  a 
fairly  clear  horizon  and  sufficiently  free  from  traffic  to  allow  of 
star  maps  being  referred  to  without  serious  inconvenience.  Nat- 
urally the  beginner's  first  endeavor  will  be  to  identify  the  bright- 
est stars,  and  trace  out  approximately  the  confines  of  the  various 
constellations.   Continuing  this  study.hewill  graduallyacquire  a 
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knowledge  of  the  paths  followed  by  the  stars  in  their  cotirses 
from  rising  to  setting,  and  obtain  a  clear  idea  of  the  position  of 
the  apparent  axis  of  this  motion.  As  time  goes  on,  he  will  further 
notice  that  the  constellations  he  has  identified  set  earlier  and  ear- 
lier each  evening,  and  that  other  constellations  previously  unseen 
^ill  come  into  view  on  the  eastern  horizon.  Further,  he  will 
notice  that  the  path  followed  by  the  Moon  in  her  course  through 
the  sky  not  only  differs  at  different  parts  of  lunation,  but  varies 
for  any  given  part  of  a  lunation  at  different  seasons  of  the  year. 
Ks  his  knowledge  of  the  sky  progresses,  he  will  be  able  to  identify 
any  bright  planets  which  may  be  visible,  and  to  observe  their 
changes  of  position  with  regard  to  the  adjacent  stars,  changes 
which  he  will  do  well  to  note  in  bis  sketch-book  for  futare  refer- 
ence and  consideration.  Now  the  beginner  who  has  learned  these 
elementary  facts  by  actual  observations  of  the  sky,  and  has  sub- 
scqaently,  by  the  aid  of  his  text-books,  mastered  the  reasons  for 
what  he  has  observed,  will  have  made  a  very  fair  start  in  the 
stndy  of  astronomy,  and  he  will,  I  venture  to  think,  have  ac- 
quired a  far  keener  interest  in  the  motions  of  the  heavenly  bodies 
than  he  would  have  possessed  if  he  had  confined  his  attention 
solely  to  books,  or  if  his  open-air  observations  had  not  been  of  a 
systematic  character.  He  will  also  find  that  by  the  aid  of  some 
very  simple  home-made  instruments,  sach  as  a  cross-staff,  a  rude 
form  of  transit  instrument,  and  other  similar  appliances,  he  will 
be  able  to  make  observations  which  serve  to  still  more  impress 
upon  his  mind  the  facts  he  has  been  learning.  Of  course,  such  ob> 
servations  must  be  crude  and  wanting  in  accuracy,  but  they  will, 
nevertheless,  be  found  to  serve  a  very  useful  educational  purpose.* 

To  the  beginner  who  has  taken  up  the  study  of  celestial  mo- 
tions, an  endless  number  of  problems  will  suggest  themselves  for 
examination,  and  it  will  be  found  that  the  solution  of  these  prob- 
lems will  afford  work  which  is  not  only  of  great  immediate  inter- 
est,but  will  lead  to  the  acquirement  of  knowledge  of  considerable 
future  value. 

It  has  been  often  said  that  "Learners  should  not  be  ashamed 
to  ask  questions."  This  is  quite  true  in  a  certain  sense,  and  no 
beginner  should  be  ashamed  to  acknowledge  that  he  has  much  to 
learn.  But  the  practice  of  asking  questions  is  not  one  to  be  advo- 
cated, except  within  certain  strict  limits.    The  beginner  who  gets 

*  Begianen  demriag  to  take  ap  tbestndjof  BBtroDomyoD  the  lines  hereadTO- 
ckted  will  deriTe  considerable  asriitance  from  two  American  books  recently  pnb- 
Ustaed.  Til.,  "A  New  Astronomy  for  Beginnen,"  by  ProfeMor  David  P.  Todd,  and 
"A  Laboratory  Uaanal  in  Astroaomy,"  by  one  of  our  own  members,  Miss  Mary 
B.Byrd. 
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into  a  difficulty  and  immediately  asks  for  aid  to  get  out  of  it,  is 
not  likely  to  make  any  great  progress.  It  is  the  battling  with 
difficulties,  the  habit  of  regarding  a  problem  from  various  points 
of  view,  and  the  practice  of  "getting  at  the  bottom  of  things," 
which  impresses  truths  and  principles  on  the  mind,  and  a  few 
facts  so  learned  are  worth  ten  times  the  number  acquired  by  the 
question  and  answer  method. 

The  statement  I  have  just  made  api)ears  to  me  to  apply  with 
special  force  to  the  use  of  instruments.  Many  present  have  no 
doubt  been  struck,  as  I  have,  by  the  character  of  numerous  queries 
respecting  the  use  and  adjustment  of  instruments  which,  from 
time  to  time  appear  in  print.  These  questions  suggest  the  idea 
that  those  proposing  them  are  of  opinion  that  scientific  instru- 
ment^ should  be  made  on  the  "  You-touch-the-button-and-we-do 
the-rest "  principle,  and  that  their  employment  should  require  no 
special  knowledge  on  the  part  of  the  user.  Now  this  is  a  frame 
of  mind  which  is  much  to  be  deprecated.  Nothing  is  more  essen- 
tial to  secure  the  best  results  with  any  instrument  than  a  clear 
comprehension  of  the  principles  on  which  such  instrument  is  con- 
structed. It  is  only  by  the  possession  of  such  knowledge  that  the 
user  of  a  telescope,  a  spectroscope,  or  other  astronomical  appli- 
ance can  determine  whether  or  not  any  defect  in  performance  is 
due  to  a  radical  fault  in  such  instrument  or  to  a  comparatively 
trivial  fault  in  adjustment.  For  this  reason  I  would  thoroughly 
urge  beginners,  when  they  take  up  actual  observing,  to  study 
carefiilly  the  theory  of  any  instrument  they  may  employ,  and 
make  themselves  familiar  with  its  principles  and  construction. 
Were  this  more  generally  done,  much  disappointment  and  loss  of 
time  would  be  saved,  and  instrument  makers  would  be  spared 
many  unjust  complaints  and  much  worry, 

I  am  afraid  that  ray  remarks  on  the  section  of  our  members 
which  I  have  classed  as  "beginners,"  have  run  to  an  undesir- 
able length,  but  it  must  be  remembered  that  the  "  beginners  "  of 
to-day  are  those  from  which  we  shall  at  an  early  date  expect 
work  which  will  promote  the  interests  and  strengthen  the  posi- 
tion of  our  Association,  and  any  suggestion  which  may  aid  in 
their  training  may  thus  possibly  be  regarded  as  excusable. 

In  conclusion  I  may  quote  a  passage  from  the  works  of  Bacon, 
which  was  written  to  have  a  wide  significance,  but  which  ap- 
pears to  me  to  apply  with  peculiar  force  to  the  science  to  which 
we  are  all  devoted.  Says  the  great  philosopher : — "Knowledge 
"  is  not  a  couch  whereon  to  rest  a  searching  and  restless  spirit ; 
"nor  a  terrace  for  a  wandering  and  variable  mind  to  walk  up 
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"and  down  with  a  fair  prospect;  nor  a  tower  of  state  for  a 
"proud  mind  to  raise  itself  upon;  nor  a  fort  or  commanding 
"ground  for  strife  and  contention;  nor  a  shop  for  profit  or  sale; 
"but  a  rich  storehouse  for  the  glory  of  the  Creator  and  the  re- 
"  lief  of  man's  estate." 


the;^tudy  of  astronomy,   ii. 


In  the  last  number  of  this  publication  (p.  24)  we  began  to  say 
some  things  about  the  study  of  astronomy,  as  the  same  is  now 
pursued.  It  was  there  pointed  out  that  the  writer  believes  some 
important  changes  are  now  being  made  both  in  regard  to  the 
method  of  teaching,  and,  in  studying  the  elements  of  this  branch 
of  science.  It  was  said  that  representative  school  men  who  have 
been  occupied  in  teaching  branches  kindred  to  astronomy  have 
been  so  interested  in  the  so-called  "laboratory  methods  that  they 
have  quite  forgotten  that  elementary  astronomy  is  a  branch  of 
general  physics,  and  that  the  methods  that  serve  well  in  element^ 
arj  chemistry  and  the  elements  of  natural  philosophy  must 
equally  well  apply  to  astronomy.  Not  only  this,  but  the  further 
and  more  serious  complaint  must  be  made,  that  these  same 
school  men  in  science  who  are  offering  and  requiring  schemes  of 
study  in  the  secondary  schools,  and  strongly  urging  them  pub- 
licly, very  generally  exclude  from  these  schemes  the  study  of  ele- 
mentary astronomy  altogether.  They  do  this  for  two  reasons: 
The  first  is  because  they  want  more  time  for  laboratory  work  in  ' 
elementary  physics  and  chemistry.  Some  are  claiming  that  this 
laboratory  work  in  elementary  physics  should  be  extended  over 
the  time  of  a  full  year  continuously  to  cover  necessary  themes  and 
to  do  the  work  as  it  ought  to  be  done.  But  those  instructing  in 
chemistry  say  no  to  this,  and  claim  that  two- thirds  of  this  time 
is  ample  for  the  work  of  chemistry  in  such  scliools,  and  that 
teachers  of  physics  should  be  satisfied  with  so  large  a  change  in 
their  favor  as  that  which  has  come  into  practice  recently. 

The  second  reason  why  elementary  astronomy  is  dropped  from 
the  courses  of  study  in  the  secondary  schools  is  because  those  who 
form  these  courses  say  the  subject  is  too  difficult  for  students  in 
those  schools,  and,  therefore  those  who  want  to  study  element- 
ary astronomy  should  wait  until  thev  reach  college.  The  writer 
of  this  article  would  never  have  believed  that  any  leading  super- 
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intendent  or  high  school  teacher  in  &  country  town  would  have 
made  such  a  public  statement  as  this,  if  he  had  not  heard  it  with 
his  own  ears.  Much  less  would  he  have  believed  that  the  in- 
structors in  some  of  our  large  cities  should  be  found  advocating 
the  same  thing  for  the  same  reason. 

Now,  certainly  one  of  two  things  is  plainly  evident,  wherever 
such  reasoning  is  allowed  to  prevail ;  either  the  superintendents 
or  teachers  or  both  do  not  themselves  know  enough  of  elemen- 
tary astronomy  to  teach  it,  or  they  do  not  know  bow  to  teach 
it.  For  no  one  who  is  at  all  observant  can  have  failed  to  notice 
that  nothing  interests  the  old  and  the  yoang  alike,  as  mncfa  as 
the  simple  rehearsals  of  a  little  knowledge  of  the  Moon,  San, 
planets,  stars  and  meteors.  Miss  Mary  Proctor,  of  New  York, 
is  largely  employed  in  giving  public  talks  to  children  about  as- 
tronomical subjects  for  compensation  and  interested  adnlts  are 
often  found  in  these  gatherings.  We  know  that  students  of  as- 
tronomy in  all  parts  of  the  United  States  are  giving  familiar 
talks  on  astronomy  to  aadiences  including  persons  of  all  ages 
with  acceptance  and  very  general  favor.  Almost  every  week 
country  papers  published  in  California,  Pennsylvania,  Massa- 
chusetts, Iowa,  Illinois,  or  some  other  states  come  to  us  with 
marked  articles,  showing  that  the  readers  of  Pop[n.AR  As- 
tronomy have  been  setting  forth  some  important  matters  of 
current  astronomical  interest  for  interested  readers  in  their  re- 
spective rural  localities.  For  the  same  reason,  viz :  the  popular 
interest  in  elementary  themes  of  astronomy,  associations  have 
sprung  up  in  the  United  States,  Canada  and  England  partly  for 
the  study  of  what  people  do  not  generally  get  in  the  secondary 
schools  and,  of  course,  partly  for  the  purpose  of  keeping  abreast 
with  the  progress  of  astronomy  in  later  years. 

Now,  what  does  all  this  mean?  To  our  mind  it  plainly  means 
that  our  secondary  schools,  and  some  o(  our  colleges  and  acad- 
emies are  not  giving  to  the  branch  of  elementary  astronomy  the 
attention  it  should  receive.  Our  teachers  are  not  informed  as 
they  should  be.  They  do  not  generally  know  how  to  teach  ele- 
mentary astronomy  as  it  should  be  taught. 

Enough  has  been  said  to  call  attention  to  the  widespread  in- 
terest in  the  themes  of  elementary  astronomy  for  all  classes  of 
people,  and,  also,  to  indicate  how  very  far  from  the  truth,  the 
statement  is  which  claims  that  elementary  astronomy  is  a 
branch  too  difficult  for  the  grasp  of  the  students  in  secondary 
schools.  If  this  be  true,  it  is  certainly  necessary  that  instruc- 
tors in  these  schools  look  into  this  matter  more  thoroughly,  that 
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they  prepare  themselves  to  judge  of  the  value  of  elementary  as- 
trotiQmy  as  an  important  theme  for  place  in  their  courses  of 
study,  and  above  all,  that  they  preparelthemselves  to  teach  the 
branch  in  all  grades  of  instruction,  including  the  high  school  and 
those  above  it  which  are  not  en tered^by 'examination,  at  least, 
in  the  elementary  part  of  the  subject. 

This  last  part  of  the  instructor's  qualification  for  his  work  is 
all  important.  We  believe  that  the  root  of  the  difficulty  which 
has  brought  about  present  lethargy,  conscious  inability  and 
manifestly  weak  judgment  on  the  part  of  prominent  school  men 
and  instructors  lies  in  the  fact  that  teachers  have  not  known 
how  to  instruct  well,  if  they  have  sorae  knowledge  of  the  branch 
of  elementary  astronomy.  We  wish  to  offer  some  suggestions 
on  ways  and  means  to  this  end.  This  brings  us  to  the  unfinished 
point  we  were  considering  in  our  last  when  we  found  that 
all  our  space  was  taken.  In  continuing  the  thought  of  how 
to  teach  the  elements  of  astronomy  we  may  illustrate  this  in 
several  ways.  The  first,  because  it  is  as  simple  as  any,  is  the  ce- 
lestial sphere  and  the  fixed  stars.  In  our  first  volume  of  Popu- 
i,AR  Astronomy  ia  found  a  series  of  articles  by  Professor  Wins- 
low  Upton,  Director  of  Ladd  Observatory  of  Brown  University, 
Providence,  R.  I.,  who  has  taken  great  pains  to  write  out  a 
course  of  study  of  the  constellations  in  a  way  to  make  it  easy 
for  any  interested  student  or  teacher  to  inform  himself  fully  and 
well  about  the  bright  stars  and  the  constellations  that  may  be 
seen  by  common  observers.  There  is  no  question  in  our  mind, 
whether  or  not  a  teacher  of  elementary  astronomy  thould  know 
the  constellations  familiarly,  and  the  stars  of  the  first  and  sec- 
ond and.  at  least,  some  of  the  third  magnitude  at  sight.  That 
much  is  so  easy  to  learn  and  the  information  is  so  useful  in  many 
ways,  that  we  need  only  to  mention  the  matter,  that  any  teacher 
who  has  not  thought  about  it  will  at  once  see  the  advantages. 
If  teachers  should  ask  their  pupils  what  bright  stars  are  visible 
at  particular  hours  of  the  early  evening  and  at  what  places  in 
the  sky  they  may  be  seen,  ordinary  high  school  students  would 
surely  be  interested  in  looking  after  the  stars,  and  probably  they 
would  be  anxious  to  learn  the  names  of  such  as  should  attract 
their  attention,  and  il  the  teacher  can  not  impart  this  informa- 
tion readily  and  certainly,  that  teacher  must  rightly  take  a 
lower  place  in  that  student's  estimation  than  he  should  hold. 

Again,  suppose  some  bright  student  should  ask  the  instructor 
at  what  time  Vega  or  Sinus  passes  the  meridian  on  a  given  day, 
it  ought  not  to  be  difficult  for  any  teacher  to  give  an  approxi- 
mate answer  that  would  fully  satisfy  the  bright  student,  and 
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also  furnish  the  natural  opportunity  of  saying  something  about 
the  ways  in  which  astronomers  know  how  to  get  very  accurate 
answers  to  all  such  interesting  questions.  This  kind  of  thought 
and  work,  for  and  with  students  in  the  simplest  lines  of  observa- 
tion will  certainly  quicken  and  deepen  an  interest  that  will  al- 
ways make  instruction  easy  and  very  delightful.  Those  who 
have  tried  it  know  that  these  statements  are  not  overdrawn; 
such  know  that  they  are  but  the  common  and  the  natural  results 
that  flow  from  the  use  of  natural  and  rational  methods  of 
study. 

When  the  publication  of  Popular  Astronomy  was  begim  a 
few  years  ago,  a  great  deal  of  expense  was  incurred  and  much 
valuable  aid  was  given  freely  from  very  competent  sources  in 
order  to  bring  before  teachers  of  astronomy  in  college,  academy 
and  the  high  school  just  such  methods  of  instruction  as  we  have 
have  been  hinting  at  in  what  has  gone  before.  We  secured  the 
series  of  art  cles  from  Professor  Upton  who  is  an  acknowledged 
authority  on  star-charting.  He  has  since  published  an  excellent 
star  atlas  neatly  printed  by  Messrs.  Ginn  &  Co.,  of  Boston, 
Mass. 

Before  the  Upton  articles  were  completed  we  began  the  publi- 
cation of  the  large  colored  star-charts  which  were  reduced  from 
the  planisphere  published  by  the  Poole  Brothers  of  Chicago  in 
1894,  and  each  month  a  map  of  the  constellations  was  pre- 
sented in  Popular  Astronomy,  appropriate  to  the  time,  until  a 
complete  series  of  twelve  covering  an  entire  year  had  been  given. 
Messrs.  Poole  Brothers,  who  own  the  plate  and  still  have  this 
ezcelleot  planisphere  on  sale,  made  the  step  of  publishing  these 
large  colored  star-charts  possible  to  us,  by  themselves  most  gen- 
erously incurring  all  the  expense  of  reduction  and  the  printing 
of  the  charts  in  colors.  We  have  lately  learned  that  the  Poole 
planisphere  has  had  considerable  sale  in  the  colleges  and  uni- 
versities of  this  country  and  also  abroad.  We  greatly  wonder 
that  it  has  not  had  larger  sale  in  the  colleges  and  academies  and 
the  leading  high  schools,  for  it  is  certainly  a  very  meritorious 
piece  of  work.  We  have  used  the  planisphere  with  elementary 
classes  in  astronomy  for  several  years  and  we  know  of  its  value. 

We  have  one  hundred  copies  of  volumes  I  and  II  of  Popular 
AsTRONOMy,  in  pamphlet  form,  so  as  to  accommodate  teachers  of 
the  elements  ol  astronomy  who  may  wish  to  try  the  plan  sug- 
gested  above  in  regard  to  this  one  theme,  the  celestial  sphere  and 
the  constellations.  These  volumes  are  selling  for  $2.50  when 
whole  sets  are  furnished.  In  order  to  induce  teachers  to  try  this 
plan  we  will  sell  them  to  teachers,  and  tf'achers  only,  for  one  dol- 
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lar  each,  one  or  both,  as  long  as  they  last.  We  have  made  a  fuller 
and  more  complete  statement  in  one  of  our  advertising  pages  of 
this  number. 

Those  schools  that  are  provided  with  a  good  field  glass  or  a 
small  telescope  may  do  some  interesting  work  in  the  study  of  the 
Moon.  In  this  the  most  useful  guide  we  know  of  is  the  map  of 
the  Moon  recently  published  by  the  Poole  Brothers  of  Chicago. 
Great  care  and  skill  have  been  used  in  the  engraving  of  this  map 
to  get  its  many  different  features  related  in  a  scale  that  should 
give  the  most  correct  impression  of  the  lunar  surface  as  a  whole, 
and  also,  to  represent  the  individual  markings  in  such  way,  as  to 
satisfy  good  photographs  and  visual  observations  as  far  as  pos- 
sible. We  think  no  one  can  understand  the  difficulty  of  such  an 
undertaking  who  has  not  tried  it.  We  personally  know  the  ar- 
tist, Mr.  J.  A,  Colas,  of  Chicago,  and  we  are  fully  informed  of  the 
labor  expended  on  the  plate  before  satisfactory  results  could  be 
reached ;  having  before  him  for  imitation  for  a  long  time  the  best 
photographs  of  the  Moon  that  could  be  obtained,  in  order  to 
transfer  to  the  plate  the  delicate  transition  of  shade  that  was 
shown  in  the  photographs,  and,  as  far  as  possible  to  soften  the 
errors  of  contrast  in  light  and  dark  shading  which  always  ap- 
pear even  in  the  best  photographs. 

Knowing  all  this  and  mote  about  the  way  in  which  the  Poole 
Map  of  the  Moon  was  made,  our  readers  will  not  wonder  that 
we  became  interested  greatly  in  this  piece  of  astronomical  work 
as  a  means  of  illustration  in  teaching  the  elements  of  astronomy 
to  classes  in  Carleton  College,  Whether  we  use  the  field  glass, 
the  small  telescope  or  the  large  one,  this  excellent  map  of  the 
Moon  is  our  reference  and  the  little  pamphlet  of  twenty-four 
pages  that  goes  with  it,  as  a  key  to  its  numbers,  contains  a  cat- 
alogue of  more  markings  than  those  given  by  Webb  or  Proctor. 
The  plan  is  to  look  at  the  Moon  with  the  instrument,  use  the 
guide  and  the  map  as  references  for  name  and  location  and  such 
other  facts  as  are  cited  or  easily  obtained  from  other  sources  if 
desired. 

Our  experience  is  that  students  become  so  interested  in  study 
and  observation  in  this  way  that  they  want,  and  find  time  for, 
more  hours  of  study  of  particular  themes  than  is  required.  It 
is  never  necessary  to  urge  requirements  in  order  to  secure  work 
enough  to  make  what  is  sometimes  called  a  passing  grade  in  the 
study,  as  college  language  sometimes  puts  it. 

Next  time  we  want  to  say  something  about  other  simple  ap- 
paratus to  aid  in  illustrative  study  of  the  elements  of  as- 
tronomy. 
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THE  CORONA.  OP  THE  SUN  AS  SEEN  BY  E.  MILLER,  MA.T  3d, 
1889,  THERE  BEING  NO  ECLIPSE  OF  THE  SUN. 

B.  MILLBB, 

FOH    POPDtAB    ASTRONOIIT. 

Professor  C.  A.  Young,  perhaps  the  most  competent  authority 
upon  solar  phenomena,  writing  about  the  Sun's  cor- 
ona, says — "We  must  evidently  wait  awhile  for  the  solution  of 
the  problems  presented  by  the  beautiful  phenomenon.  Possibly 
the  time  may  come  when  some  new  contrivance  may  enable  us  to 
see  and  study  the  corona  in  ordinary  daylight,  as  we  now  do  the 
prominences.  The  spectroscope,  indeed,  will  not  accomplish  the 
purpose,  since  the  rays  and  streamers  of  the  corona  give  a  con- 
tinuous spectrum;  but  it  would  be  rash  to  say  that  no  means 
will  ever  be  found  for  bringing  out  the  structures  around  the  Sun 
which  are  hidden  by  the  glare  of  our  atmosphere.  Unless  some- 
thing like  this  can  be  done,  the  progress  of  our  knowledge  must 
be  very  slow,  for  the  corona  is  visible  only  about  eight  days  in  a 
century,  in  the  aggregate,  and  then  only  over  narrow  stripes  on 
the  Earth's  surface,  and  but  Irom  one  to  five  minutes  at  a  time 
by  any  one  observer." 

Sir  Robert  S.  Ball,  in  "The  Story  of  the  Sun,"  says— "Such  is 
an  outline  of  the  facts  known  to  us  with  regard  to  the  corona; 
and  it  must  be  admitted  that  our  information  is  at  present  of  a 
somewhat  meagre  description.  We  can  only  hope  that  the  at- 
tempts to  photograph  the  corona  without  having  to  wait  for  a 
total  eclipse  maj'  ultimately  prove  successful. 

Doubtless  many  of  our  perplexities  would  vanish  if  a  series  of 
observations  taken  at  brief  intervals  were  certainly  available. 
We  might  then  expect  to  gain  information  regarding  the  changes 
in  the  corona,  which  it  seems  absolutely  certain  are  in  progress. 
We  might  expect,  too,  that  some  satisfactory  evidence  might  be 
forthcoming  as  lo  the  actual  character  of  the  material  to  which 
the  coronal  light  is  due." 

In  Langley's  splendid  book,  "The  New  Astronomy,"  we  read — 
"Outside  all  is  the  strflnge  sh.ipe  which  represents  the  mysteri- 
ous corona,  seen  by  the  naked  eye  in  a  total  eclipse,  but  at  all 
other  times  invisible  even  to  telescope  anil  s (metroscope,  and  of 
whose  true  nature  we  are  nearly  ignorant  from  lack  of  oppor- 
tunity to  study  it."  On  page  40,  the  same  author  says — "The 
Sun  went  out  as  suddenly  as  a  blow-out  gas  jet,  and  I  became 
as  suddenly  aware  that  all  around  there  had  been  growing  into 
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vision  a  kind  of  ghostly  radiance,  composed  of  separate  pearly 
beams,  looking  distinct  each  from  each,  as  though  the  black 
circle  where  the  Sun  once  was,  bristled  with  pale  streamers, 
stretching  far  away  from  it  in  a  sort  of  crown.  This  was  the 
mysterious  corona,  only  seen  during  the  brief  moments  while  the 
shadow  is  flying  overhead." 

The  French  astronomer,  Flammarion,  says  in  his  "Popular 
Astronomv,"  "  What,  then,  is  the  corona?  It  is  probably  a  re- 
gion in  which  is  found  a  variable  quantity  of  detached  particles, 
partially  or  wholly  vaporized  by  the  intense  heat  to  which  they 
are  exposed.  But  how  can  these  particles  be  supported  in  these 
burning  heights?  To  this  question  we  are  already  able  to  give 
three  replies:  (1),  The  matter  of  the  corona  may  be  in  a  state 
of  permanent  projection,  being  composed  of  substances  inces- 
santly darted  out  by  the  Sun  and  falling  back  on  him.  (2),  The 
coronal  substance  may  be  more  or  less  supported  in  the  solar 
heights  by  the  effect  of  a  calorific  or  electrical  repulsion.  (3),  Fi-  ■ 
nally  the  corona  may  be  due  to  clouds  oJ  meteors,  aerolites  cir- 
culating around  the  Sun  in  his  immediate  vicinity.  All  these  ex- 
planations are  perhaps  in  part  true."  In  Proctor  and  Ranyard's 
"Old  and  New  Astronomy  "  we  read  as  Ibllows:  "  But  it  is  evi- 
dent on  the  one  hand  that  no  simple  theory  can  be  advanced  in 
explanation  of  the  phenomena  of  solar  appendages  manifestly 
complex  and  varied,  and  on  the  other  that  the  details  of  coronal 
structure  and  of  coronal  phenomena  present  problems  far  too 
difficult  to  be  as  yet  solvable." 

Miss  Gierke  in  her  "History  of  Astronomv  during  the  Nine- 
teenth Century,"  says — "The  corona  is  properly  described  as  a 
solar  appendage,  and  may  be  coiijecturally  defined  as  matter  in 
a  perpetual  slate  of  tffiux  from,  and  influx  to  our  great  lumin- 
ary,  under  the  stress  of  electrical  repulsion  in  one  direction  and 
of  gravity  in  the  other.  Its  constitution  is  of  a  composite  char- 
acter. It  is  partly  made  up  of  self-luminous  gases,  chitfly  hydro- 
gen, and  the  unknown  substance  giving  the  green  ray,  "1474;" 
partly  of  white-hot  solid  or  liquid  particles,  shining  with  contin- 
uous light,  both  reflected  and  original.  The  coronal  materials 
must  be  of  inconceivable  tenuity,  since  comets  cut  their  way 
through  them  without  experiencing  sensible  retardation.  Sum- 
ming up  what  we  have  learned  about  the  corona  during  some 
forty-five  minutes  of  scrutiny  in  as  many  years,  we  may  state,  to 
begin  with,  that  it  is  not  a  solar  atmosphere.  It  does  not  gravi- 
tate upon  the  Sun's  surface  and  share  his  rotation,  as  our  air 
gravitates  upon  and  shares  the  rotation  of  the  earth;  and  this 
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for  the  simple  reason  that  there  is  no  visible  growth  of  pressure 
downward  in  its  gaseous  constituents;  whereas,  under  the  sole 
inftuence  of  the  Sun's  attractive  power,  their  density  should  be 
multiplied  many  million  times  in  the  descent  through  a  mere 
fraction  of  their  actual  depth." 

It  is  easily  seen  from  the  preceding  extracts  that  the  corona  of 
the  Sun  has  been  visible  only  on  those  rare  occasions  when  solar 
eclipses  are  total;  and  the  very  short  period  of  time  during  which 
a  total  eclipse  lasts  at  any  given  point  upon  the  Earth's  surface, 
renders  any  examination  of  the  corona  a  very  difficult  operation. 
Since  the  introduction  of  the  camera  and  the  spectroscope,  as 
adjuncts  in  all  solar  research,  the  amount  of  time  and  labor  de- 
voted to  such  work  has  been  multiplied  more  than  twofold.  All 
the  great  observatories  of  the  world  are  systematically  engaged 
in  trying  to  solve  the  mystery  of  the  corona.  Mountain  peaks, 
clear  skies,  and  rare  atmospheres,  have  been  sought  for,  and  ex- 
pensive trips  to  far  away  lands  have  been  undertaken,  in  order 
to  determine  once  for  all  wbatthis  wonderful  thing  may  be 
which  persists  in  withholding  from  the  inquisitive  eye  its  secrets 
and  its  nature.  Men  have  gone  half  way  round  the  globe  to 
witness  for  one,  two  or  six  or  seven  minutes  at  most,  the  most 
beautiful  object  visible  in  the  solar  system.  The  question  nat- 
urally arises — is  it  possible,  or  will  it  ever  be  possible,  for  the 
human  eye,  with  or  without  any  kind  of  instrument,  and  at  any 
time  to  look  upon  and  examine  at  leisure,  such  a  glorious  ap> 
pendage  as  that  of  the  Sun's  corona?  Wilt  this  nineteenth  cen- 
tury,  so  full  of  splendid  achievement  in  every  field  of  scientific  re- 
search,  add  to  its  other  honors  that  of  having  made  it  possible, 
in  the  absence  of  a  total  eclipse,  to  see  the  corona?  All  efforts 
hitherto  made  have  been  without  avail,  have  utterly  failed. 

In  1866,  Mr.  Lockyer,  and  in  1868,  Tanssen,  made  it  possible 
for  one  to  see  at  any  time  of  the  day  when  the  Sun  is  above  the 
horizon,  and  not  obscured  by  clouds,  the  so-called  "protuber- 
ances" or  "prominences,"  that  up  to  that  time  bad  been  con- 
sidered as  mysterious  as  the  corona  is  now.  Miss  Gierke  says — 
"The  eclipse  of  1868  is  chiefly  memorable  for  having  taught  as- 
tronomers to  do  without  eclipses,  so  far,  at  least,  as  one  particu- 
lar branch  of  solar  inquiry  is  concerned.  Inspired  by  the  beauty 
and  brilliancy  of  the  variously  tinted  prominence-lines  revealed 
to  him  by  his  spectroscope,  Janssen  exclaimed  to  those  about 
him,  "Je  verrai  ces  lignes-ld  en  dehors  des  eclipsesl"  On  the  fol- 
lowing morning  he  carried  into  execution  the  plan  which  formed  ■ 
itself  in  his  brain,  at  the  time  of  the  eclipse. 
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More  than  a  year  ago  an  idea  took  possession  of  my  brain 
that  there  must  be  some  method  by  which  the  corona  of  the 
Sun  may  be  rendered  visible  at  any  time  between  sunrise  and 
sunset,  atmospheric  condttioas  being  favorable.  In  the  latter 
part  of  April,  1899, 1  secured  three  strips  of  pine  lumber,  each 
about  six  or  seven  feet  long,  and  of  a  uniform  thickness  of  three- 
fourths  of  an  inch.  The  strips  were  fastened  to  the  outside  of 
the  tube  of  a  Clark  telescope  of  six  inches  object  glass,  separated 
from  each  other  by  a  distance  of  120°.  Ordinary  wrapping 
twine  was  used  with  which  to  make  the  strips  secure  and  firm  in 
their  position.  They  were  so  placed  that  about  three  feet  of 
each  one  was  allowed  to  project  beyond  and  in  front  of  the  ob- 
ject glass.  This  done,  a  card  board,  sufficiently  heavy,  was  cut 
intotheformof  a  circulardisc  of  seven  inches  diameter.  Upon  the 
inside  of  the  circumference  of  the  disc,  and  as  close  to  the  limb  as 
possible  three  small  holes  were  pierced,  through  which  pieces  ot 
fine,  flexible  wire  were  put,  and  these  were  tied  around  the  pine 
strips.  By  this  arrangement  the  card-board  disc — an  artificial 
moon — could  be  securely  heid  in  position,  and  by  slipping  the 
wires  forward  or  backward,  as  might  be  necessary,  the  disc 
could  be  made  to  hide  completely  the  entire  face  of  the  Sun.  It 
was  expected  and  hoped  that  the  effect  would  be  the  same  as  in 
the  case  of  a  true  solar  eclipse,  that  is,  that  the  solar  appen- 
dages would  be  revealed.  All  things  being  ready,  the  telescope 
mounted  firmly  upon  the  tripod,  the  pine  strips  fastened,  and  the 
card-board  moon  put  at  a  suitable  distance  from  the  object 
glass,  on  the  afternoon  of  May  3d,  1899,  the  first  trial  was 
made,  an  observation  was  taken.  The  face  of  the  Sua  being 
completely  obscured,  bright  radiations  were  seen  to  issue  from 
the  limb  of  the  artificial  moon  in  great  numbers.  These  radia- 
tions were  carefully  scrutinized,  but  it  was  soon  made  apparent 
that  they  were  nothing  but  streaks  of  light  of  a  decidedly  bras- 
sy appearance,  reflected  from  the  inside  of  the  telescope,  the 
barrel  of  which  was  made  of  brass.  The  card-board  moon  was 
now  shifted  to  a  point  a  little  farther  away  from  the  ojyect 
glass.  The  result  was  still  the  same,  the  brassy  streaks,  and  all 
else.  During  all  this  time,  and  in  spite  of  every  effort  to  prevent 
it,  the  barrel  of  the  telescope  was  flooded  with  light  that  poured 
into  it  from  the  surrounding  atmosphere.  Just  here  seemed  to  be 
the  difficulty,  the  light  came  into  the  telescope  apparently  from 
everywhere  past  the  limb  of  the  false  moon. 

For  over  an  hour,  slight  changes  were  made  in  the  position  of 
the  false  moon,  at  intervals  of  from  five  to  six  minutes  each,  at 
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one  time  to  a  place  nearer  the  object  glass,  at  another  to  a  point 
further  away,  but  all  to  no  effect,  the  results  were  invariably  the 
same,  save  that  the  brassy  streamers  were  modified  accordingly. 
Matters  were  becoming  monotonous  and  rather  disheartening, 
so  much  so  that  the  question  arose  whether  the  observation 
should  be  prolonged,  or  given  up  as  a  flat  failure.  The  determin- 
ation to  succeed,  or  know  the  reason  why  success  should  not  be 
attained,  prolonged  the  work  for  some  time  longer.  The  time 
passed  in  shifting  the  false  moon,  readjusting  the  pine  strips, 
keeping  the  telescope  in  proper  position,  straining  the  eye  in  or- 
der to  see  the  sight  should  a  revelation  be  made,  yet  nothing  was 
seen  but  the  brassy  reflections  from  the  telescope  itself,  which 
seemed  to  be  dancing  and  laughing  as  if  in  very  mockery  at  every 
attempt  to  succeed.  More  than  two  hours  had  passed,  and  the 
goal  to  be  reached  was  apparently  as  far  off  as  ever.  The  ob- 
server was  quite  disheartened  and  discouraged,  and  about  ready 
to  give  up  in  despair.  In  such  a  frame  of  niind,  and  quite  will- 
ing to  give  it  up  as  a  bad  job,  suddenly  and  unexpectedly  the 
false  moon,  for  some  reason  or  other,  changed  its  position 
slightly,  so  that  apparently  its  surface  and  the  surface  of  the  ob- 
ject glass  were  no  longer  parallel  to  each  other.  Whether  the 
lack  of  parallelism  was  a  fact  or  not,  cannot  now  be  determined. 
The  effect  produced  was  that  tbe  barrel  of  the  telescope  seemed 
to  be  completely  filled  with  absolute  darkness,  the  brassy  stream- 
ers  vanished,  and  along  the  upper  right  hand  limb  of  the  false 
moon  apjftared  in  all  their  beauty  and  soft  light  the  coronal 
streamers.  There  was  no  mistaking  the  vision.  It  was  the  gen- 
uine corona  itself,  "a  thing  of  beauty,"  and  a  glorious  recom- 
pense for  the  time  and  labor  that  had  heen  expended. 

An  attempt  to  change  the  position  of  the  telescope  so  as  to 
hold  the  Sun  in  the  field,  resulted  in  destroying  the  vision,  and 
the  coronal  streamers  disappeared  from  view.  The  following  is 
a  fac  simile  of  a  hand  made  drawing  of  the  corona  as  seen  on  the 
afternoon  of  May  3d,  1899.  It  is  not  a  complete  coronal  form, 
for  the  reason  that  the  cardboard  disc  extended  beyond  the  limb 
of  the  Sun.  and  prevented  a  view  of  the  streamers  other  than  as 
represented. 

Several  cardboard  discs,  one  six  inches  in  diameter,  one  sevtn, 
and  another  eight  inches  in  diameter,  were  made  and  used  at 
varying  distances.  A  great  many  obstacles  had  to  be  met  and 
surmounted  in  preparing  for  the  work,  and  great  care  had  to  be 
exercised  in  handling  the  apparatus.  The  telescope  used  was 
mounted  on  a  tripod,  and  was  exposed  to  the  action  of  the  wind. 


.y  Google 


Ther^was  no  driving  clock  attachment,  so  that  every  movement 
had  to  be  made  by  the  observer,  thua  rendering  the  labor  so 
mnch  the  more  difficult.    Other  observations  were  taken  in  May 
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and  in  June,  but  on  account  of  ill  health, the  obaervations  had  to 
be  suspended  during  the  summer,  and  there  has  been  no  oppor- 
tunity since  to  resume  them. 

But  that  the  corona  of  the  Sun  was  seen  on  the  3d  of  May, 
1899,  a  day  upon  which  there  was  no  ecHpse  of  the  Sun,  either 
partial  or  total,  can  scarcely  admit  of  doubt.  There  is  a  possi- 
bilitythat  it  mayhave  been  a  vision  of  something  else,  an  optical 
illaaion,  an  "  ignis  fa  tuns,"  or  a  dream. 

At  the  moment  when  the  picture  was  sketched,  the  "appari- 
tion" was  situated  in  the  vicinity  of  one  of  the  poles  of  the  Sun, 
and  not  in  the  plane  of  the  Sun's  equator,  and  so  clear  and  well 
defined  was  the  shape,  and  so  different  from  all  other  appear- 
ances, that  the  conclusion  reached  by  the  observer  was  that  it 
was  the  corona  itself.  To  be  sure,  he  may  have  been  mistaken, 
bat  he  thinks  not,  and  it  is  unfortunate  that  the  observation  of 
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May  3d,  has  not  as  yet  been  corroborateq  by  other  observations. 
The  work  will  be  resumed  in  the  near  future. 

The  difficulty  in  the  case  consists  not  in  making  an  arti6cial 
Moon,  attaching  it  to  a  telescope,  and  locating  it  at  a  proper 
distance  trom  the  object  glass,  but  in  flooding  the  barrel  of  the 
telescope  with  absolute  darkness.  When  that  is  done,  all  other 
difficulties  will  seem  but  trifles  and  will  vanish  at  once.  The 
light  of  the  Sun  that  fills  the  surrounding  atmosphere  is  the 
great  foe  to  anything  like  success  and  seems  to  bid  de6ance  to 
every  attempt.  Shut  out  that  light,  exclude  it  entirely  from  the 
interior  of  the  telescope  by  means  of  a  conical  hood  that  will  ex- 
tend some  distance  over  the  barrel  of  the  telescope  and  forward 
as  far  perhaps  as  the  false  moon,  or  further,  and  with  the  con- 
veniences  and  appliances  of  a  modem  Observatory-,  the  result 
may  be  sa*efly  predicted — the  corona  will  be  made  visible. 

In  conclusion,  if  the  corona  was  seen,  upon  the  day  mentioned, 
when  there  was  no  eclipse  of  the  Sun,  as  described  in  the  fore- 
going, I  think  I  am  justified  in  saying  that  the  same  thing  can 
be  done  again  and  again,  upon  any  clear  day,  during  the  hours 
of  sunshine,  no  clouds  interfering  and  other  atmospheric  condi- 
tions being  suitable,  and  the  question  as  to  the  possibility  of  as- 
tronomers seeing  and  studying  the  greatest  mystery  of  the  Sun 
at  any  time  will  be  settled  once  for  all. 

University  of  Kansas,  Lawrence,  Kansas. 


THE  TOTAL  SOLAR  ECLIPSE  OF  MAV  38,  lOOO. 


The  committee  on  the  total  solar  eclipse  of  May  28, 1900,  ap- 
pointed at  the  Second  Conference  of  Astronomers  and  Astrophys- 
icists, presents  herewith  a  preliminary  report. 

The  aim  of  the  committee  has  been: 

1 .  To  asertain  the  opinion  of  astronomers  regarding  the  best 
means  of  securing  cooperation,  the  most  important  classes  of 
observations  and  the  best  means  of  making  them,  and  the  plana 
of  the  various  eclipse  parties. 

2.  To  collect  other  information  likely  to  be  useful  to  persona 
planning  to  observe  the  eclipse. 

For  the  purpose  of  securing  information  on  the  various  points 
referred  to  ia  paragraph  (1)  a  circular  letter  was  addressed  to 
American  astronomers.  Prom  an  examination  of  these  replies  it 
appears : 
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1.  That  there  is  a  general  willingness  to  cooperate  with  the 
committee  in  securing  thorough  observations  of  the  eclipse  phe- 
nomena and  effective  distribution  of  stations  along  the  Hoe  of 
totality,, 

2.  That,  in  the  opinion  of  those  from  whom  the  replies  were 
received,  the  most  important  observations  include  studies  of  the 
minute  structure  of  the  corona,  both  visually  and  by  means  of 
large  scale  photographs;  photography  of  the  flash  spectrum  and 
determination  of  the  wave-length  of  the  green  coronal  line; 
measurement  of  the  heat  radiation  of  the  corona;  photographic 
search  for  an  intra-mercnrial  planet. 

3.  That  several  institutions,  including  the  Princeton,  Lick, 
Naval,  Goodsell,  Chabot,  Flower  and  Yerkes  Observatories,  will 
probably  be  represented  by  well-equipped  parties,  while  a  consid* 
erable  number  of  astronomers  with  good  instrumental  equip- 
ment will  take  part  as  individuals. 

4.  That  no  general  appeal  to  the  public  for  funds  is  required, 
as  each  institution  will  endeavor  to  secure  the  amount  necessary 
for  its  work. 

5.  That  the  work  already  planned  includes  observations  of 
contacts,  photography  of  the  corona  with  large  and  small  cam- 
eras; visual  and  photographic  observations  of  the  spectrum  of 
the  Sun's  limb  and  of  the  corona;  visual  examination  of  the  de- 
tails of  the  coronal  structure;  measurement  of  the  brightness  of 
the  sky  at  different  distances  from  the  Sun;  search  for  an  intra- 
mercurial  planet;  and  observatio.is  of  the  shadow  bands. 

A  preliminary  report  on  the  weather  conditions  along  the  line 
of  totality  has  been  prepared  by  the  Weather  Bureau,  at  the  re- 
quest of  the  committee.  From  this  it  appears  that  interior  sta- 
tions are  probably  to  be  preferred  to  those  on  the  seacoast,  in 
spite  of  the  shorter  duration  of  the  total  phase.  The  full  report 
of  the  Weather  Bureau,  which  will  soon  be  published,  will  con- 
tain much  valuable  matter,  including  maps  of  the  eclipse  track, 
showing  location  of  towns  and  railways;  information  regarding 
hotel  accommodations,  desirable  sites,  etc. 

It  is  understood  that  the  Naval  Observatory  will  issue  instruc- 
tions to  observers,  and  that  a  map  of  the  eclipse  track  will  be 
published  by  the  Nautical  Almanac  Office.  The  Treasury  De- 
partment has  made  arrangements  by  which  the  instruments  of 
foreign  parties  will  be  admitted  free  of  duty. 

The  committee,  if  authorized  by  the  conference  to  continue  its 
work,  vrill  be  glad  to  receive  and  publish  further  information 
from  eclipse  parties  regarding  their  plan  of  observations  and  lo- 
cation  of  stations. 
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Extracts  from  the  replies  of  various  astronomers  were  ap- 
pended to  the  report,  but  need  not  be  reproduced  here,  as  they 
have  been  published  in  the  Astropbysical  Journal.  The  com- 
tnittee  was  continued  in  office. 

The  committee  appointed  at  the  Second  Conference  to  act  in 
reference  to  the  questions  at  issue  regarding  the  United  States 
Naval  Observatory  also  reported  that  the  opinions  of  as- 
tronomers regarding  that  institution,  which  had  been  obtained 
in  response  to  a  circular  letter,  had  been  communicated  to  the 
Secretary  of  the  Navy.  This  report  is  not  reproduced  here,  as  it 
is  practically  superseded  by  the  official  report  of  a  Board  of  Vis- 
itors appointed  by  the  Secretary  of  the  Navy  to  visit,  examine 
and  report  upon  the  Naval  Observatory,  The  recommendations 
of  this  official  report  have  been  given  in  full  in  Science. 

The  first  meeting  of  the  Astronomical  and  Astropbysical  So- 
ciety of  America  adjourned  at  noon,  September  8th. 

Edwin  B.  Frost,  Acting  Secretary. 

Yerkes  Observatory,  Williams  Bay,  Wis. 


PACKING-  INSTRUMBNTS  FOR  TRANSPORTATION. 

SABBA  C.  INBLL. 


Few  POPU 

The  repeated  experiments  of  Professor  Todd,  of  Amherst  Col- 
lege, in  transporting  delicate  apparatus  over  great  distances 
make  valuable  the  method  of  packing  he  has  been  led  to  adopt. 
His  experience  is  that  the  safest  packing  material  is  cork  saw 
dust  closely  con6ned  in  cloth  bags  of  various  shapes  and  sizes. 

This  cork  may  be  obtained  from  any  dealer  in  Malaga  grapes. 
It  should  be  looked  over  to  remove  all  foreign  substances,  then 
washed  and  thoroughly  dried.  That  as  little  water  as  possible 
be  absorbed;  put  not  more  than  two  or  three  quarts  at  a  time 
into  three  or  four  times  as  much  lukewarm  water;  press  it  un- 
der and  rub  between  the  hands  till  the  whole  has  been  treated ; 
the  dirt  thus  loosened  will  mostly  sink,  while  the  cleased  cork 
floats.  Skim  ofi"  carefully  and  squeeze  or  drain,  till  dry  enough 
to  spread  in  the  Sun.  If  one  is  possessor  of  old  fashioned 
quilring  frames,  nothing  is  better;  set  up  in  a  sunny  room,  with 
a  large  square  of  cotton  cloth  stretched  over  them,  they  (umish 
space  for  spreading  a  bushel  at  once  ander  most  favorable  cir. 
cumstances.    The  drying  process  should  be  very  thorough,  and 
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to  insure  this,  it  is  safe  to  heat  the  cork  in  large  flat  pans  in  an 
oven  after  it  feels  perfectly  dry  to  the  tonch.  Any  moisture  re- 
maining in  the  pores  is  thus  drawn  out. 

The  bags  are  made  of  6rm  cotton,  closely  stitched  and  filled 
nearly  as  hard  as  a  pincushion.  Mostly  small  sizes  are  servicea- 
ble, but  for  packing  a  large  lens,  two  squares,  each  divided  into 
several  compartments,  furnish  goad  protection.  Also,  if  it  is  de- 
sired to  put  tubes  within  others,  long  bags,  a  few  inches  only  in 
width,  filled  and  bent  into  rings,  serve  to  separate  them. 

The  elasticity  of  the  cork,  together  with  the  possibility  of  al- 
most perfect  freedom  from  dust,  make  it  for  this  use  superior  to 
any  other  substance  yet  tested. 


GROWTH     OP    JL    GREAT    AMERICAN    OBSERVATORY    IN 
TWENTY  YEARS." 

The  financial  condition  of  the  Harvard  College  Observatory 
has  undergone  a  great  change  during  the  last  twenty  years. 
The  invested  capital  on  August  31,  1877,  was  $173,908.67,  and 
for  the  preceding  year  yielded  an  income  at  the  rate  of  6.36  per 
cent.  The  total  receipts  of  the  Observatory  were  $14,359.55. 
On  July  31, 1898,  the  invested  capital  was  $825,699,30,  and  for 
the  preceding  year  yielded  an  income  at  the  rate  of  4,37  per 
cent.  The  total  receipts  were  $46,175.46,  Accordingly,  during 
this  time  the  principal  has  increased  about  four  and  a  half  times, 
while  the  income  has  increased  three  times,  although  the  rate  of 
interest  has  diminished  by  nearly  one-third.  This  remarkable 
growth  in  our  resources  has  been  attained  in  a  great  measure 
through  the  Visiting  Committee  of  the  Observatory.  When  ap- 
pointed Director  in  1877, 1  showed  that  a  small  addition  to  the 
income  would  greatly  increase  the  efficiency  of  the  work.  The 
Committee  accordingly  secured  by  subscription  the  sum  of 
$5,000  a  year,  for  five  years,  from  seventy-two  persons.  While 
nearly  all  the  members  of  the  Committee  took  part  in  this  work, 
its  success  was  due  to  the  unremitting  efforts  of  three  persons, 
Mr,  Alexander  Agassiz,  Chairman,  Mr.  J.  Ingersoll  Bow^ditch, 
and  Mr,  William  Amory,  At  the  end  of  the  five  years  the  Ob- 
servatory seemed  to  be  poorer  than  before,  since  we  had  learned 
how  much  could  be  accomplished  by  a  moderate  increase  in  its 

*  Report  of  Professor  E.  C,  Pickering  Director  of  Harvard  College  Obseira- 
tor;  to  the  Board  of  OTcrseers  of  Harvard  College  Ma;  1899,  Tbe  article  it 
his,  tbe  title  onrs.— [EorroR. 
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means.  Accordingly,  a  second  subscription  of  $50,000  was  un- 
dertaken by  the  Committee,  the  Rev.  James  Freeman  Clarke, 
Chairman,  also  taking  an  active  part.  Not  only  was  this  sum 
obtained  but  the  indirect  results  were  even  greater.  Two  gen- 
tlemen were  asked  to  subscribe  and  both  declined.  It  after- 
wards appeared  that  each  made  his  will  at  about  that  time,  and 
within  a  fortnight  of  each  other,  each  leaving  his  entire  fortune 
for  astronomical  purposes.  Both  of  these  sums,  forming  two  of 
the  largest  bequests  that  have  ever  been  made  to  astronomy, 
have  now  come  into  the  possession  of  the  Observatory.  Mr. 
Robert  Treat  Paine,  for  forty-one  years  a  member  of  this  Com- 
mittee, bequeathed  his  entire  fortune,  amounting  to  $323,557.86, 
to  this  Observatory.  Mr.  Uriah  A.  Boyden  left  his  property  to 
Trustees,  to  cooperate  with  some  institution,  for  the  purpose  of 
establishing  an  astronomical  station  at  a  high  altitude  and  un- 
der the  most  favorable  atmospheric  conditions.  One  of  the 
Trustees,  Mr.  James  B.  Francis,  visited  the  observatories  all 
over  the  United  States,  and  was  strongly  advised  to  cooperate 
with  the  Lick  Observatory,  or  with  the  Smithsonian  Institution, 
but  after  a  long  correspondence  and  numerous  interviews  I  was 
able  to  satisfy  him  that  the  means  we  had  already  secured 
would  enable  us  to  carry  out  Mr.  Boyden's  wishes  better  here 
than  could  be  done  elsewhere.  Accordingly,  this  bequest,  ex- 
ceeding two  hundred  thousand  dollars,  also  came  to  the  Ob- 
servatory. The  next  addition  to  our  resources  is  one  of  the 
most  important  that  we  have  received,  in  its  objects,  its  results, 
and  its  amount.  A  member  of  this  Committee,  Mrs.  Henry 
Draper,  desiring  to  develop  and  extend  the  work  so  skillfully  be- 
gun by  her  husband,  established  here  the  Henry  Draper  Mem- 
orial. Her  gift  of  $10,000  a  year  has  enabled  the  spectra  of  the 
stars  to  be  studied  photographically,  as  was  first  done  success- 
fully by  Dr.  Draper,  on  a  scale  which  has  not  been  attempted 
elsewhere,  and  with  results  which  in  number  and  importance 
render  it  perhaps  the  most  widely  useful  department  of  the  Ob- 
servatory. A  Memorial  has  thus  been  established,  in  the  most 
appropriate  manner,  which  perpetuates  the  memory  of  the 
founder  of  this  department  of  science.  Without  the  Paine  and 
Boyden  Funds  it  is  doubtful  if  the  work  of  the  Henry  Draper 
Memorial  could  have  been  conducted  more  advantageously  at 
Harvard  than  elsewhere.  Each  of  these  funds  aids  the  other, 
and  greatly  assists  in  securing  new  donations.  Thus,  when  Miss 
Bruce  of  New  York  was  asked  to  give  us  a  photographic 
telescope  of  the  largest  size,  it  was  easy  to  show  that  we  had 
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here  appliances  to  attain  with  it  the  best  possible  results.  Her 
gift  of  $50,000  has  furnished  us  an  instrument  for  photographic 
research,  far  more  powerful  than  any  now  existing  elsewhere. 
Several  other  bequescs  have  been  received,  the  largest  and  latest 
of  them,  the  Haven  Fund,  amounting  to  $*5,000.  With  the 
Boyden,  Draper,  and  Bruce  photographic  telescopes  many  thou- 
sand photographs  were  obtained,  which  are  of  the  greatest 
value,  but  if  destroyed  could  never  be  replaced.  Yet  for  several 
years  we  were  obliged  to  store  them  in  the  wooden  buildings  of 
the  Observatory,  where  they  were  liable  to  destruction  in  a  few 
hours  at  any  time,  by  fire.  Again  the  Visiting  Committee  came 
to  our  assistance,  and  largely  through  the  efforts  of  the  Chair- 
man, Mr.  George  0.  Shattack,  $15,000  was  raised  by  subscrip- 
tion, and  a  fire-proof  bnilding  was  erected  in  which  the  photo- 
graphic plates  are  safely  stored,  examined,  and  measured. 

The  Observatory  has  thus  grown  by  successive  steps  until  it 
now  has  organized  departments  for  research,  some  of  which  are 
at  least  equal  to  those  of  any  other  Observatory,  either  public 
or  private,  even  including  those  maintained  by  the  governments 
of  England,  France,  Germany,  and  Russia.  The  work  of  the  Ob- 
servatory has  increased  more  rapidly  than  its  means.  The  num- 
ber of  assistants  has  increased  from  six  to  forty.  During  the 
first  thirtj  years  of  its  existence  four  volumes  of  its  Annals  were 
published  and  distributed,  and  three  or  four  more  were  partially 
completed  or  ready  for  distribution.  The  total  number  of  vol- 
umes is  now  forty.  Besides  the  Station  at  Cambridge,  the  Ob- 
servatory maintains  a  permanent  Astronomical  Station  at  Are- 
quipa,  Peru,  where  the  atmospheric  conditions  are  much  better 
than  at  other  observatories,  with  perhaps  two  or  three  excep- 
tions.- It  also  maintains  seven  meteorological  stations  in  Peru, 
including  the  highest  in  the  world,  that  on  El  Misti,  elevation 
19,200  feet.  By  cooperation  with  the  Blue  Hill  Meteorological 
Observatory,  the  excellent  results  obtained  at  the  three  stations 
of  that  Observatory  are  published  in  our  Annals. 

The  scientific  work  of  the  Observatory  since  its  establishment 
has  been  in  the  direction  of  the  physical  properties  of  the  stars 
rather  than  in  merely  measuring  their  positions.  This  line  has 
been  especially  pursued  for  the  last  twenty  years,  and  has  de- 
veloped fields  of  work  that  have  not  been  taken  up  elsewhere. 
The  station  in  the  southern  hemisphere  enables  researches  on  the 
northern  stars  to  be  extended  to  the  south  pole,  permitting  all 
stars  in  the  sky  to  be  studied  according  to  a  uniform  system. 
Thus,  after  measuring  with  the  meridian  photometer  all  the 
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northern  stars  visible  to  the  naked  eye,  the  instrument  was  sent 
to  Peru  and  similar  measures  were  made  of  the  southern  stars. 
All  stars  north  of  —  40°,  of  the  magnitude  7,5  and  brighter, 
have  since  been  measured,  besides  several  thousand  stars  of  the 
eighth  and  ninth  magnitude.  About  nine  hundred  and  thirty 
thousand  settings  of  about  forty-five  thousand  stars  have  been 
made  with  the  meridian  photometer  since  1879.  and  a  more 
powerful  instrument  now  enables  stars  of  the  thirteenth  mag- 
nitude to  be  measured.  Measures  are  also  made  of  the  light  of 
faint  stars  every  clear  evening  with  the  15-inch  Equatorial 
telescope. 

Measures  of  position  have  not  been  neglected.  The  observa- 
tions of  a  zone  of  8,627  northern  stars  with  the  Meridian  Circle, 
in  connection  with  twelve  other  observatories,  have  been  com- 
pleted, and  the  results  published  occupy  seven  volumes  of  the 
Annals.  The  observations  of  a  similar  zone  of  southern  stars 
are  completed  and  good  progress  has  been  made  in  theirreduc- 
tion.  Several  photographic  telescopes  are  kept  in  constant  use, 
both  in  Cambridge  and  Arequipa,  throughout  the  whole  of  every 
clear  night.  As  a  result  about  eight  thousand  photographs 
are  taken  every  year,  and  the  entire  collection  of  nearly  a  hun- 
dred thousand  plates  are  carefully  studied  by  about  a  dozen  as- 
sistants. These  plates  show  the  spectra  of  all  the  stars  in  the 
sky  brighter  than  the  ter.th  magnitude.  They  also  furnish 
charts  showing  the  condition  of  the  entire  sky  several  times 
every  year,  and  contain  a  history  of  the  visible  universe  during 
the  last  tea  years.  A  striking,  illustration  of  the  value  of  this 
collection  is  shown  in  the  recently  discovered  planet  Eros,  which 
comes  nearer  to  the  Earth  than  any  other  known  celestial  body 
except  the  Moon.  Its  nearest  approach  occurs  every  thirty- 
seven  years,  the  last  time  being  in  1894,  when  no  visual  obser- 
vations were  obtained,  since  it  was  not  discovered  until  five 
years  later.  Its  path  from  October  1893  to  May  1894  is 
shown  by  fifteen  of  our  photographs,  each  of  which  also  gives 
its  position  with  an  accuracy  equal  to  that  of  a  meridian  circle. 
The  laborious  computation  required  in  this  search  for  Eros  has 
been  made  for  this  purpose  by  Mr.  S,  C.  Chandler.  No  photo- 
graph of  Eros  was  obtained  in  1893,  at  any  other  observatory. 
Other  even  more  interesting  objects  may  yet  be  discovered,  and 
are  doubtless  contained  on  our  photographs,  since  the  latter 
cover  the  entire  sky  for  the  last  ten  years. 

The  results  here  described  have  been  attained  by  rigorous  econ- 
omy, in  spending  money  only  to  obtain  results,  and  in  no  case  for 
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display.  No  money  is  expended  on  architectural  effect,  and  in  the 
buildings  and  instruments  appearances  are  always  sacrificed  to 
efficiency.  The  salaries,  especially  those  of  the  younger  assist- 
ants, are  much  lower  than  their  services  deserve, 

A  serious  question  now  arises  regarding  the  (uture  of  the  Ob- 
servatory. It  has  attained  a  position  among  the  great  Observa- 
tories of  the  world.  This  position,  1  believe,  it  should  maintain, 
and  I  believe  that  Harvard  University,  and  the  people  of  the 
United  States,  desire  that  it  should  do  so.  If  the  Observatory  is 
to  do  the  work  it  did  twenty  years  ago,  its  means  are  more  than 
ample.  If  it  is  to  do  its  present  work,  and  maintain  tts  present 
position,  there  must  be  no  diminution  in  its  income,  but  rather  a 
steady,  if  gradual,  increase.  Unlortunately,  the  gradual  falling 
off  in  the  rate  ol  interest  affects  a  large  portion  ol  the  resources 
of  the  Observatory.  For  this  reason  the  income  has  been  dimin- 
ishing at  the  rate  of  a  thousand  dollars  a  year,  for  the  last  six 
years,  and  we  are  far  from  reachine  the  lowest  point.  One  per 
cent,  in  the  rate  of  interest  means  a  loss  to  the  Observatory  of 
about  ten  thousand  dollars  a  year.  A  diminution  in  income 
means  abandoning  work  already  undertaken,  losing  assistants  at 
the  very  time  when  they  have  attained  their  greatest  usefulness 
since  their  salaries  cannot  be  gradually  increased,  and  postponing 
the  reduction  and  publication  of  observations  already  made. 
Such  a  course  is  the  worst  possible  economy.  Dilay  in  publica- 
tion often  means  a  great  increase  in  expense  if  material  accumul- 
ated by  one  person  must  later  I  e  put  into  the  hands  of  another, 
and  often,  as  has  frequently  happened  at  other  Observatories,  a 
loss  of  the  entire  work. 

In  view  of  the  wide  interest  in  astronomy,  and  its  numerous 
and  generous  patrons  in  this  country,  there  are  doubtless  many 
persons  who  would  gladly  meet  this  need  if  it  were  properly 
.brought  before  them.  Unfortunately,  the  legacy  tax  of  the 
United  States,  amounting  in  some  cases  to  fifteen  per  cent,  of  an 
entire  bequest,  is  likely  to  discourage  gifts  to  science,  instead  of 
inducing  donors  to  give  during  their  lives. 

As  a  remedy  for  these  difiBculties,  it  is  suggested  that  the  atten- 
tion  of  the  public  be  called  to  these  facts  by  publication,  and  that 
the  statement  be  made  that  it  is  desired  to  increase  the  capital  of 
the  Observatory  by  $200,000,  to  compensate  for  the  loss  of  in- 
come due  to  falling  off  in  the  rate  of  interest.  If  this  amount  can- 
not be  obtained  the  sum  of  $50,000,  if  expended  during  the  next 
ten  years,  would  provide  for  the  reduction  and  publication  of  a 
large  part  of  the  material  now  on  hand.  > 
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A  Photograph  of  the  Sun. 


A  PHOTOGRAPH  OF  THE  SUN. 

H,  C.  WILSON. 

The  photograph  of  the  Sun  shown  in  Plate  III  was  taken  May 
18, 1894,  at  4''  41"  Central  Standard  Time  with  the  S-inch  Clark 
refractor-  This  telescope  is  provided  with  a  third  lens  placed  in 
iront  of  the  visual  objective  to  correct  it  for  the  photographic 
rays.  It  is  also  provided  with  two  amplifiers  by  Brashear  and 
Hastings,  one  throwing  up  the  solar  image  to  approximately  ZV2 
inches,  the  other  to  7  inches  diameter.  The  greater  amplifier  was 
used  for  this  picture,  v/bich  has  been  reduced  in  the  process  of  en- 
graving. 

The  photograph  was  taken  at  a  time  not  far  from  the  maxi- 
mum of  the  Sunspot  period,  and  a  large  number  of  spots  are 
shown  upon  the  plate.  Seven  groups  lie  in  the  zone  south  of  the 
solar  equator  and  two  very  small  groups  in  the  zone  north  of 
the  equator.  The  solar  equator  is  inclined  about  20°  to  the 
horizontal  in  this  picture,  being  tilted  down  on  the  right  and'  up 
on  the  left  hand,  and  passes  a  little  above  the  center  of  the  disc, 
the  solar  latitude  of  the  center  of  the  disc  being  approximately 
—  2°.  The  row  of  five  prominent  groups  of  spots  thus  lie  on  a 
Hoe  nearly  parallel  to  the  solar  equator. 

The  most  prominent  of  the  groups,  in  the  lower  right  portion 
of  the  disc  is  about  60,000  miles  long  and  of  half  that  width.  It 
has  three  marked  centers  of  disturbance,  or  umbras,  and  a  com- 
parison of  this  photograph  with  one  taken  on  the  next  day, 
shows  that  the  whole  group  was  in  a  state  of  violent  change. 
Surrounding  the  group  of  dark  spots  on  all  sides  are  irregular 
areas  of  white  faculs.  Scattered  patches  of  like  character  are  to 
be  seen  at  several  points  near  the  east  and  west  edges  ot  the  disc, 
generally  in  connection  with  the  dark  spots  but  sometimes  en- 
tirely separated  from  thee:;.  The  area  covered  by  the  white  faculte 
is  as  a  rule  much  greater  than  that  covered  by  the  dark  spots. 

The  group  just  below  the  center  is  remarkable  for  the  number 
of  small  separate  dark  spots  which  it  contains.  The  photograph 
taken  on  the  next  day  shows  many  of  these  run  together,  while 
the  larger  spots  are  more  intense  and  changed  in  form,  so  that  the 
change  in  one  day  is  quite  noticeable. 

To  the  left  and  a  little  below  the  center  of  the  disc  is  a  group  of 
less  prominent  spots,  the  leader  of  which  is  rather  large  and  has 
four  u  ubras  forming  a  parallelogram.  On  the  next  day  these  four 
nmbrse  had  united  into  one  very  black  pear-shaped  umbra,  with 
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the  large  end  toward  the  right,  making  this  group  almost  as  re- 
markable as  those  which  precede  it. 

Nearer  the  left  edge  of  the  picture  is  a  single  almost  round  spot, 
in  the  upper  part  of  a  large  group  of  faculs.  Higher  on  the  left, 
quite  near  the  edge  of  the  disc,  a  conspicuous  dark  spot  may  be 
seen,  having  a  white  cloud  or  facula  on  its  left  and  apparently 
over  it.  Another  umbra  lies  to  the  left  of  this,  almost  lost  in  the 
dark  shading  due  to  absorption  of  light  by  the  solar  atmosphere, 
which  produces  its  greatest  effect  at  the  ed^e  of  the  disc.  Almost 
exactly  at  the  left  edge  of  the  disc,  wholly  lost  in  the  print  but 
plainly  seen  in  the  negative,  two  large  spots  are  just  coming  into 
view.  The  rotation  of  the  Sun  once  in  26  days  carries  the  spots 
across  the  disc  approximately  from  east  to  west,  so  that  these 
spots  on  the  next  day  are  well  in  view. 

Many  finer  details  which  cannot  be  brought  out  in  the  engrav- 
ing, such  as  the  fine  mottling  or  grain  of  the  solar  surface,  are  to 
be  seen  in  the  photographic  print  and  still  better  in  the  negative. 


SPECTROSCOPIC  NOTES. 

The  important  PotBdatn  inTcstiifatiot]  of  tbe  spectra  of  S2S  atara  (E'otrr- 
euebuagtP  ober  die  Spectra  von  338  Steroen.  H.  C.  Vo)^I  nnd  J.  Wjlriofc.  Patt- 
dmia  Pablkatiooea  So.  39)  it  the  sabject  of  an  appreciatiTc  rcTten  in  the  Aatra- 
pbyaical  Joarnml  for  December,  where  the  chief  multa  are  more  acceauble  than  in 
tbe  original  memoir.  The  stara  ander  inveatigation  are  moatlj  of  Claaa  I,  to 
ivhicb  tbe  pbotograpfaic  method  with  the  ordinary  plates  ia  well  adaoted,  and 
tbelMtinclodea  all  the  brighter  atara  of  that  claaa.  Tbe  instmmeat  emptojcd 
iraa  one  of  moderate  poner  only,  anfficient  to  give  pbotographa  aaitahle  for 
compariaoD  and  claaaification.    Claaa  I  ia  thna  anbdivided  ;— 

lal.    Spectra  coataiaing  only  atrong  hydrogen  linea. 

Ia2.  Spectre  containing  strong  hydrogen  linea,  and  faint  metallic  lines, 
«ritli  K  a  sharply  defined  line. 

Ia3.  Spectra  containing  strong  hydrogen  linea,  nnmerons  metaliic  linea, 
with  £r  strong  and  nsnallT  a  diffuse  band. 

lb.    Spectra  containing  strong  hydrogen  lines,  helium  Knes,  and  some  metal- 

Icl.    Spectra  contaiog  bright  hydrogen  tines. 

Ic2.  Spectra  containing  bright  hydroger  linea,  and  bright  belinm  lines,  and 
perhaps  other  bright  tinea. 

Tbe  diatribntion  by  nnraber  is.  Isl,  44;  Ia2.  IBS;  Ia3.  68:  lb  100;  Icl,  3; 
Ic2,  2;  together  with  a  few  given  as  intermediate  between  TariouB  claaaes.  The 
spectra  of  the  two  stars  ol  Ic2  belone  also  to  ia2  by  reason  of  the  presence  of 
belinm  lines.  The  review  anmrnarizes  the  section  of  the  work  devoted  to  a  dia- 
casaion  of  stan  with  remnrkabte  spectra. — such  as  ip  Peraei,  y  Cassiopeis,  fi  Ly- 
ra,  P  Cygni, — and  cloaca  with  an  account  of  the  companion  of  the  Potadam  with 
the  Harvard  resnlts  and  classification. 
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Herr  Belopoltky  contribute*  to  the  Aatropbjsical  Journal  for  December  the 
results  of  bis  inveBl igation  at  Pulkova  of  the  spectrum  of  P  Cjgni.  In  thla 
atar,  which  shows  the  hydrogen  and  otber  liceB  both  bright  (Ic2  in  tbe  Potsdam 
clasBiGcation)  and  dark,  the  bright  tines  are  Been  to  be  nbout  in  coincidence  with 
the  comparison  lines,  while  the  dark  lines  are  strongly  displaced  toward  the  vio- 
let. Herr  Belopolakj  finds  a  bright  and  dark  line  in  the  star's  spectrum  corre- 
sponding to  each  of  the  several  comparison  air  lines  due  to  nitrogen. 

In  the  Observatory  for  December.  Mr.  Newall  announces  his  confirraatlon  of 
Prolessor  Campbell's  discovery  that  Capeila  is  a  spectroscopic  binary;  and  slates 
that  t>efore  Professor  Campbell's  note  on  Ibe  subject  had  been  received  in  Eng- 
land he  had  presented  a  short  preliminary  note  to  the  Royal  Astronomical  Soci- 
ety to  announce  the  binary  nature  of  the  star. 

Dr.  Wilsing  describes  in  the  Astropbysical  Joarnel  lor  December  the  Potsdam 
photographic  photometer,  with  which  his  measures  of  the  relative  albedo  of 
Mars  and  Jopiter  were  made. 

In  the  conferring  of  the  British  new  yeat'a  honors.  Captain  William  deW,  Ab- 
ney,  whose  researches  in  photography  are  well  known  to  students  of  the  science, 
and  who  was  the  first  to  photograph  the  infra-red  of  the  solar  spectrum,  was 
designated  a  Knight  Commander  of  the  Rath  (K.  C.  B,). 


In  his  letter  to  the  Board  of  Visitors  Co  the  Naval  Observatory  at  Washing- 
ton Professor  Brown,  writing  in  anticipation  of  his  recent  appointment  to  the 
position  of  Astronomical  Director  of  the  Observatory,  slates  that  the  necessary 
accessories  have  been  provided  to  enable  the  Naval  Observatory  to  join  in  the 
work  of  determining  motions  of  stars  in  line  of  sight,  and  that  such  observa- 
tions are  now  a  part  of  the  routine  woi  k  of  the  Observatory,  lie  expresses  his 
opinion  that  the  time  of  the  £6-inch  telescope  should  be  divided  et|ually  between 
this  work  and  micro  me  trie  measures. 


The  Astropbysical  Journal  for  Decemlwr  contains  a  short  note  bv  Professor 
Yonng  on  his  uHuinal  mistuken  idenfificatiiin  of  the  corona  line  wiih  the  1474 
chromuBpherr  line.  He  stales  ihni  his  plan  of  placing  the  mictometer  wireon 
the  corona  line,  at  the  last  nuinii  iit,  to  fix  its  position  was  (rusiruied  both  in 
1870  and  in  1878  by  the  premature  ending  of  totality. 


PLANKT  NOTES  FOR  FEBRUARY. 


Mercury  will  be  behind  (he  Sun  during  this  month,  passing  superior  coniunc- 
tion  Feb.  9,  and  coming  out  sii  .is  it>  bL-  visible  as  evening  star  in  the  last  days 
of  the  month.  Mercury  passes  .Mars  on  the  morning  of  Peb.  3.  when  t>oth 
planets  will  be  invisifile. 

Venus  is  exceedingly  brilliant  now  in  the  eaily  evening,  nnd  may  be  seen 
with  the  naked  eye  at  anytime  in  the  alternoun  \i  one  knows  just  where  to 
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97 


direct  the  eye.  Her  poaitioQ  is  hecoining  more  favorable  all  the  time  and  be r 
brightneia  steadily  increasing,  while  she  now  outBhioea  many  fold  any  of  the 
stars.  Observations,  however,  must  be  made  early  in  the  evening,  preferably 
before  sunset,  for  Venus  seta  at  about  8  o'clock  on  Feb.  1  and  at  about  9  o'clock 
at  the  end  of  the  month. 


The  Ci 


Uars  was  at  conjunction  with  the  Sun  Jan.  15  and  moves  ao  slowly,  relative 
to  the  Sun,  that  he  will  not  be  observable  for  several  montba. 

Jupiter  will  be  at  quadrature,  90°  west  from  the  Sun,  Feb.  28,  and  so  may 
be  observed  in  the  morning;  an  hour  or  two  before  sunrise.  The  altitude  of 
Jupiter  will,  however,  be  too  low  for  favorable  observationa. 

Saturn  may  also  be  seen  in  the  morning  toward  the  southeast  but  in  less 
favorable  position  than  that  of  Jupittr.  so  that  most  of  us  will  wait  until  the 
apring  and  summer  months  for  our  study  of  this  wonderful  planet. 
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Urtuat  is  in  Scorpio  bctwMn  Jupiter  and  Saturn  (mc  chart  in  Jan.  1900  No. 
of  PopULiE  Abtkokomv,  p.  39),  and  so  to  be  seen  under  the  seme  unfavorable 
conditions. 

Neptune  is  the  only  planet  which  can  be  Been  in  the  evening  at  a  high  alti- 
tude. This  planet  requires  a  powerlul  telescope  to  show  its  disc,  but  it  may  be 
seen  and  its  movement  noted  nith  a  telescope  ol  three  or  four  inches  aperture. 
It  is  to  be  found  in  the  region  nortfaenst  of  the  star  C  Tauri,  R.  A.  Feb.  1,  5"  Se" 
12',  Decl.  +  22°  3';  Feb.  28,  R.  A.  5"  35"  2'.  Decl.  +  23°  4'. 

The  Moon. 

Pha*«i.  RiK*.  Sets. 

ICentral  Statidard  nne  at  NortbAeldi 
Uical  Time  13m  IcM.) 

Feb.      6  '  First  Quarter 10    42  &.  m.  2  09  a.m. 

14    Full  Moofi 6    Up.  M.  7  17    " 

22    Last  Quarter 1    23  a.  U.  10  33    " 

Mar.     1    New  Moon 6    32    "  6  47  p.  a. 


Occnltatlotia  Visible  t 

Lt  Waahinsto 

B. 

IMMERSION. 

B 

MBR3I0N. 

Maanl- 

WuhlvK- 

.»;.. 

An«le 

Dnra- 

Name, 

tooK.T,  r 

WOM.T. 

Vm  N  pt 

.      tlon. 

19  Pisdum 

49 

10 

34 

105 

11 

12 

218 

0     38 

104  Pisclum 

7.6 

12 

10 

47 

13 

52 

288 

0    42 

27  Arietis 

6.3 

10 

35 

118 

11 

2L 

223 

0    46 

r'  Arietis 

5,3 

8 

16 

52 

9 

24 

291 

I    08 

65  Arietis 

6.0 

9 

16 

60 

10 

16 

298 

I    00 

X^  Tauri 

4.7 

11 

32 

94 

12 

S6 

272 

1    04 

j:'Ta«ri 

6.3 

11 

36 

115 

12 

36 

251 

0    59 

SCancri 

6.3 

13 

60 

169 

14 

33 

241 

0    43 

ftLeonit 

5.7 

9 

51 

86 

11 

05 

384 

1     14 

p*Leonis 

S-4 

12 

13 

139 

13 

40 

291 

1    27 

B.A.C.  4006 

6.1 

16 

31 

162 

16 

37 

262 

1    06 

oVinrinis 
9  Scorpii 

5.7 

13 

3» 

152 

14 

51 

275 

1    17 

2.6 

18 

49 

37 

19 

35 

335 

0    46 

IS  Ophiochi 

7.3 

12 

12 

65 

12 

69 

317 

0    47 

22  Ophiachi 

6.7 

17 

17 

44 

18 

11 

327 

0    64 

31  Sagittarii 

7.0 

16 

39 

U2 

17 

18 

209 

0    39 

VARIABLE  STARS. 


..  FARKUURST. 


M&zlma  and  MlnlmN  of  t-ong  P«riad  Variable*. 

MAXIMA.  MINIMA. 


846  B  Ceti 
1635  R  Reticuli 
24>5  W  Monocerotis 
2776  W  Puppia 
2867  U  Pnppis 
3496  /  Carins 
(3879  RR)  Hjdra 


1900  Feb. 

466  U  PiBciam 

782  R  Arietis 

13 

16 

893  U  Ceti 

12 

H 

980  V  Persei 

10 

8 

2528  R  Geminomm 

13.6 

9 

2625  V  Geminorum 

13 

2a 

2676  U  Monocerotis 

7.1 

26 
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3890  W  Leonia  S 

5037  RR  ViririntB  11 
5171  KS  Vir^ia  8.2 

5504  S  Corona  7.0 

6644  Z  Libra  11 
6768  X  Herculia  6.1 

5795  W  Scorpii  10.6 

6830  R  Scorpii  10 

6955  R  DraconiB  7.6 

6794  R  Lyra  4.0 

ft892  RX  SafcittaHi  9.9 

6900  W  Aqnila  7.S 

7106  S  ValpecDts  8.7 

7260  Z  Aqoilce  8.9 

7456  RR  Cygnl  8,4 

103  T  Andromedie  S.O 

114SCeti  7.5 

494  R  Srulptoria  6.6 

715SArtetia  9  5 

1222  K  PcTMi  8.5 

ISSSTEradioi  7  2 

15B2  S  Teuri  9.7 

1717  V  Tauri  8.9 

2583  L  Pnppta  3.5 

2676  U  Moancerotis  8.6 

3780  T  Oeminornm  8.4 

3667  V  Leonia  8.6 

4471  T  Caanni  Veoaticor.    8.7 
4611  TUfweMajoria  7.3 

4621  R  Virginia  7  3 

4896  T  Cratanri  5.9 

S438  V  UhtK  8.6 

S5«6  ttV  Libra  8.5 

6617  U  Libra  9 

67S2  RZ  Scormi  7.8        18 

69fiO  W  Hcrcalia  8.3       30 

6225  RS  HercDlia  8.0        25 

6612THercDlis  7.7       24 

6682  X  Ophinchi  7.9         7 

6794  R  Lyra  4.0       27 

6921 S  Sagittarii  9.8       13 

7086  RT  Zjtm  7  3         6 

7367  R  Sacitta  8.6       18 

7431 S  Delpbini  9.1       29 

8324  V  Caaaiop«e  7.5         7 

AVTBOKITISS  POS  THE  ABOVE BPHBUBItlS.  Tbedatca  for  theepbem- 
eria  of  long-period  variablea  are  taken  from  U.  Loewy'a  ephemcria  aa  pnbUabed 
in  the  Compaaioa  to  the  Obaervmtory  for  1900.  Tbe  magnitirdea  are  taken  from 
Cbandler'a  Third  Catalogne  for  the  atara  contained  in  it,  for  tbe  renainder  they 
are  taken  from  laterannonncementa  in  the  AatrottomkMlJoaramI,  orfrom  peraonal 
obaerTationa.  For  tbe  Al);ol-starB,  tbe  ephemeriB  for  S  Velornm  and  RS  Sagit* 
tarii  was  campnted  from  tbe  elementa  in  Cbandler'a  Third  Catalogue ;  for  W  Del- 
pbini from  tbe  aame  loarce;  for  +  12°  3557  from  Luizet's  tiementa  in  No.  3596  of 
tbe  ATacbric&ten;  for  +  45°  3062  from  ProfeBBor  Pickering's  elementa  in  Ho.  3581 
of  the  Nmcbricbtea.  Tbe  data  for  the  reat  of  tbe  Algol-atara  were  taken  from  M. 
Loewey'a  epbemeria  in  the  Comp»moB  to  tbe  Obatrvatory,  bnt  tbe  timea  there 


1900  Fet 

Mag. 

Day. 

2742SGeminonim 

<  13.5 

B 

2976  V  Cancri 

12 

19 

3*96  /  Carina 

5.2 

13 

3825  R  Ursa  Mejoria 

12.9 

23 

4557  S  Ursa  MajoriB 

10.9 

8 

etOORVnercnlis 

<  15 

12 

7252  W  Capricoroi 

<  14.7 

24 

7571  V  Capricomi 

14  7 

6 

7999  X  Aquftrii 

13 

35 

8068  S  Lacerta 

<  12 

28 

March. 

146TScutptoHa 

10.0 

14 

1577  R  Tauri 

13.0 

18 

2690  X  Puppia 

9.6 

7 

3477  R  LeonJB  minoria 

13 

8 

3495  /  Carina 

5,2 

21 

3B37  S  Carina 

9.1 

17 

3994  S  Leonia 

<  13 

7 

4425  X  Centanri 

12.4 

13 

4696  U  Virginia 
4826  R  Hydra 

12.5 

31 

9.7 

25 

4040  W  Hydra 

8.0 

1* 

5095  R  CenUuri 

9.3 

37 

5240  V  Librae 

12.2 

20 

5430  T  Libra 

<  14.7 

13 

5758  X  Hercolia 

7.0 

21 

6132R0pbincbi 

<  12 

2T 

6549  W  Lyra 

12 

18 

6794  R  Lyra 

4.7 

5 

<  13 

15 

710«SVi>lpecala 

9.5 

26 

7242  8  Aqnila 

11.3 

18 

7257  R  Sagitta 

10.1 

2 

7764  W  Cygni 

S.4 

11 

8373  S  Pegaai 

IS 

6 
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given  are  not  the  ordiaar;  Aitronomical  Time,  reckoning  from  noon  to  noon, but 
reckoned  Irom  the  previous  midnight,  as  for  civil  time,  so  that  1 2''  must  be  sab- 
tracted  from  the  times  as  above  given,  to  reduce  to  Greenwich  Time.  This  mat- 
ter nas  evident! J  overlooked  bj  the  editors  of  the  Companion,  for  the  statement 
is  made  in  the  introduction,  "Greenwich  Mean  Time  is  used  in  all^asei,  and  the 
astronomical  daj  is  reckoned  from  noon  to  noon  as  in  previoas  jears." 

Minima  of  the  Variable  8tar«  of  the  AIxol  Type. 

(Given  to  the  ncarett  bonr  In  Greenwich  Time.) 


1900  March. 


U  CORONAE.        RS    SAGITTARIl. 


11        18 

U  OPHIOCHI. 

17        12 

TAURI. 

30        20 
S  VELORUM. 

Bvcrj  4th  min. 
P  =  20.1'' 

W.  DELPHINI. 


55  CYGSI.  The  abnormal  maximum  which  was  described  in  the  Janaary 
nnmber  of  this  magazine,  has  evidently  made  no  intermption  in  the  regular  or- 
der of  procedure  with  this  remarkable  star,  for  it  rose  suddenly  to  a  maximum 
of  the  usual  type  some  time  between  1899,  Dec.  30,  and  1900.  Jan.  \.  Mr. 
Sperra  fixed  the  above  limits.  I  found  it  normal  Dec.  29  and  bright,  about  8.6 
magnitude  Jan,  IS.  Mi.  Flanery  found  it  bright  Jan.  2.  This  rise  ia  about  a 
week  earlier  than  the  ephemeris  time  given  in  Vol.  VII,  pane  149.  a  correction' 
quite  comparable  with  thoBe*deduced  from  late  maxima.  In  the  table  at  the  top 
of  page  47  in  theijannary  number  there  should  be  14  observations  by  J.  A.  Park-' 
hnrst,  instead  of  41. 

UBNSITIBS  OF  ALOOL-TYPH  VARIABLES.  In  the  AsUopbysical  Joaraal 
for  December,  1899,  there  are  two  interesting  articles  on  the  above  subject,  bj 
Alexander  Robertsand  Henry  Norris  Russell.  Mr.  Rnsscll  says  in  introduction: 
"It  is  possible  in  the  case  of  an  Algol-star,  aHSnming  the  eclipse  theory  of  its  va- 
riation, and'a  circular  orbit,  to  deduce  a  limiting  value  for  its  mean  density 
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troin  it!  period  and  tbe  daratioo  of  its  liKht-Tariation,  any  nacertaint;  as  to  tbe 
rMDlt  being:  due  to  the  ancertaintj  ia  the  ratio  between  tfaeie  two  qnantities, 
which  is,  as  a  rule,  not  yet  very  accurately  determined."  His  results  for  "the 
seventeen  known  AIkoI- variables"  are  as  follows— 


Star. 

Maiimuni  Dec 

320  U    Cephei 

o.ogs 

lOyO^    Persei  (Alfcol) 

0.139 

1*11  A    Tauri 

U.142 

2610  R  CanisMaj. 

0.366 

305SX  Cannae 

0  261 

3109  S   Cancri 

0  035 

34,16  8    Velorum 

0.061 

5374  8     Librae 

0-058 

5+8+ U    Coronae 

0.137 

5949  K    Arae 

0.145 

618911    Opbiucbi 

0.298 

6442  Z    Hercnlla 

0.728 

6546  KSSaKitarii 

0.086 

7399  W  Delphini 

0.170 

7488  V    Cvitni 

0.212 

+  12=3557 

0.320 

4-  is'soea 

0.076 

Mr.  Roberts  confines  his  attention  to  four  stars  whose  elements  e 
from  bifl  own  numerous  observations  at  Loved  ale,  South  Africa. 
His  retulta  are  in  part— 

3416SVelornin,  Bri|;ht  star  0.61,  Pnint  star,         0.03. 
3055  X  Cannae.  .Assuming  equal  masses,  0.125. 

Lac  S861,  Assumin);  equal  densities,  0.14. 

65+6  RS  SaKittarii.  Bright  star,  0.16,  Paiat  star  0.21. 


COMET  AND  ASTEROID  NOTES. 


Holmes*  Comet.- In  Aatroaomiscbe  Naebrkbtcn  No.  3610,  Mr.  H.  J. 
Zwiera  gives  an  extension  of  bis  epbetneris  of  Holmes'  comet  from  Jan.  1  to  Feb, 
12, 1900.  He  says  that  he  does  not  think  that  the  comet  can  be  observed  in  the 
second  half  of  February.  It  is  very  doubtful  whether  the  comet  can  be  seen  in 
the  first  half  of  tbe  month.  It  has  been  exceedingly  faint  at  best  during  this  ap- 
parition, and  its  theoretical  brightness  ia  waning  rapidly.  No  observations  have 
been  reported  except  tvitb  the  most  powerful  telescopes. 

Ephemerls  of  Holmea'  Comet,  d  1899. 
1900  R.  A.  Dec.  r(Aber.)  log  J 

Feb.     I 


35    52-3* 

+  39 

J7 

36.6              0 

01500              0 

41492° 

37    <"-99 

39 

Z4 

01510 

417635 

38    .4.56 

39 

540 

01519 

420339 

39    270' 

39 

'7 

4Z.5 

01519 

423033 

40    40.31 

39 

14 

37-4 

01538 

425716 

41    54.46 

39 

J8.5 

0,548 

4^8387 

43    09-43 

39 

4S.8 

015S7 

43'047 

44    *5-'« 

39 

05 

59' 

01567 

45    41-75 

39 

03 

18.3 

01576 

436332 

46    59.05 

39 

43-* 

01586 

si?ii 

48    .7.11 

38 

58 

13-8 

01595 

49    35-88 

+  38 

55 

49-8 

0.605 

444167 
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Temper*  Second  Conet  cl888<1873  II.)— Xfaia  comet  was  obterved 
at  Lick  ObscTTatorj  by  Professor  Aitken  on  10  Difihte,  from  Ang.  11  to  Sept.  26. 
"In  August  and  earl;  in  September  the  comet  nucleus  was  verv  sharp,  and  the 
comet  bright— easily  risible  in  a  314-inch  telescope.  On  Sept.  26  it  was  faint 
eaough  to  be  difficult  with  the  12-iDcli  retractor." 

The  same  comet  was  also  observed  on  twenty  nights  from  July  11  to  Sept.  9 
with  the  transit  circle  of  the  Royal  Obserralory,  Cape  of  Good  Hope. 


New  Element*  of  BroB  (433).— In  AatroBomucbe  Nacbricbten  No.  3609 
E.  Millosevich  ^res  elements  of  Eros  based  nppn  all  available  obaervationB  from 
Nov.  1808  to  April  1899,  combined  into  seventeen  normal  places. 

Epoch  and  Osculation.    Oct.  31  S,  1900,  Berlin  mean  time. 
Jtf  =  304o    23'    59".7 
«   =121      09     22.0    1 
<»  =177      38     41.6     Lgooo 
Q  =  803      30     +0.4     f  ^^'"'■" 
I   =     10      4»     38.9    ) 
q>   —    1%      52     48.2 
/t    =  2015".12740  (Period  643.14day»). 
log  a  =  0.1638027 

An  epemcris  for  tbe  next  opposition  is  given,  extending  from  Sept.  1,1900,  to 
Jan.  31, 1901.  Thebrightnessof  the  planet  will  increase  from  11.0  mag.  Sept.  1 
to  8.4™  Dec.  30  and  after  that  diminish  slowly. 


Bletnenta  of  Asteroid  1888  BY. — A  supplement  to  Astroaoaiabe  Sacb- 
ricbten.  No.  3612,  gives  elements  by  Otto  Knopf  of  the  asteroid  discovered  by 
Charlois  on  Drc.  4, 1699,  which  was  noted  as  being  exceptionally  bright  for  a 
newly  discovered  asteroid. 

Ep'ich  Jan.  0.0, 1900,  Berlin  mean  time. 

M  =  315<'    3r  15".3 

OJ  =      3      3i  19  .9  ) 

U  =89      46  43   .3  ^  1900.0 

I    =     15      22  20   .0  J 

9>  =      5      13  16.4 
f4  =  651".293 
log*  =0.490821 

The  orbit  is  not  very  eccentric  (e  ^  0.09)  and  the  distance  from  tbe  Snn  ia 
greater  than  the  average  for  the  BBteroids,  so  that  the  briKhtness  of  this  planet 
is  not  due  to  a  near  (approach  to  the  Earth  but  to  relatively  great  size  or  albedo. 

An  epbcmeris  for  the  first  few  days  of  February  follows.  The  brightness  on 
Feb.  9  is  calcalated  to  be  10.2  magnitude. 

R.  A.  Dec.  logr  log  J 

Feb.     I  4    10  44  +18  50.4              0.4500              0.36*3 

3  11  19  +'9  '"■9 

S  1'  S9  +'9  "3-5                0-4499                0.3719 

7  12  46  +  19  25.0 

9  4     "3  39  +  '9  36.6                0.4498                0.3814 
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GENERAL  NOTES. 

Weatern  Aa»tral la.— Meteorological  report  is  received  from  Perth  Ob- 
•erTBtory,  (or  year  1898,  W.  E.  Cooke,  Gov.  Aatrooomer.  It  is  e  very  full  re- 
port with  24  full  page  colored  maps. 

The  Solar  Parallax.— In  Complea  rendas  (Vol.  129,  pp.  986-993)  M. 
Bouquet  de  la  Gryegivea  the  reinit*  of  a  diBcasaioD,  of  the  obacrrations  by  the 
Tarioiw  Freoch  eipeditions  which  observed  the  Transit  of  Venus  in  1882.  In 
this  diacmaion  an  important  lact  is  bronght  ont  which  may  not  have  come  to 
the  attention  of  observers  very  generally.  It  is  the  fact  that  the  time  of  eztemat 
contacts  is  influenced  by  the  size  of  the  telescope.  In  the  case  of  internal  contact 
the  anthor  does  not  find  any  difference  dne  to  size  of  instrnment. 

With  large  teletcopea.  cd»ervations  show  p  =  8". 7996 
"    small         "  "  •'      p  =  8   .8068 

Prom  these  results  the  mean  parallax  comes  ont  8". 80  from  the  rianal  obser- 
vations of  the  French  parties.    The  photographic  results  are  not  yet  known. 
>         In  1888,  Professor  Young  stated  in  the  first  edition  of  bis  General  As- 
tronomy that  the  solar  parallax  is  very  nearlv  8".80.    Twelve  years  has  not 
changed  tbe  value. 


DnpUdty  of  r  Tanri.— Professor  G.  W.  Hough  in  Attronomicai  Journal, 
No.  474,  states  that  the  fourth  magnitude  star  r  Tanri  probably  bos  a  close 
companion  of  the  ninth  magnitude,  the  position  angle  being  north  preceding  and 
tbe  distance  from  Q".15  to  0".4.  He  infers  this  from  an  observation  of  an  emer- 
sion of  tbe  star  from  behind  the  disc  of  the  Moon.  Oct.  21,  1899,  when  the  star 
reappeared  first  as  a  star  of  the  niath  niaKnitnde  and  after  an  interval  of  rather 
more  than  one  second  flashed  out  in  Inll  brightness.  He  examined  the  star  on 
one  good  night  with  tbe  ISWinch  refiractor  of  Dearborn  Observatory,  but  failed 
to  see  the  companion. 


To  Obaerve  the  Solar  Eclipse  In  Aftrlca.— On  Jan.  IS,  Mr.  Percival 
Lowell,  of  Lowell  Observatory,  Flagstaff,  Arizona,  and  Professor  David  P. 
Todd,  of  Amherst  College  Observatory,  left  in  the  St.  Paul,  for  Africa  to  observe 
the  total  solar  Eclipse  of  May  28.  1900.  Mr.  Lowell's  many  friends  will  be  glad 
to  learn  of  the  improved  condition  of  his  health  which  allows  bim  to  undertake 
such  a  sea  voyage.  After  a  fortnight  in  London  tiiey  wilt  go  to  Paris,  Nice, 
Marseilles,  and  perhaps  to  Rome  and  Milan.  Then  they  sail  for  northern  Africa 
to  find  in  Algeria  or  in  Tripoli  some  suitable  point  in  the  path  of  totality  for 
tbe  observations  ol  the  eclipse  desired. 


The  British  ABtronomical  ABSOciatlon  Expedition  to  Observe 
tbe  Total  Solar  Eclipse.- We  have  just  received  information  regarding  the 
proposed  expedition  of  the  British  Astronomical  Association  to  observe  tbe 
total  solar  eclipse  of  May  28, 1900,  in  Spain  and  Algeria,  northern  Africa.  An 
extract  from  the  circular  received  from  London  will  interest  some  American 

"Subject  to  a  sufficient  nnmber  of  passages  being  actually  taken  before  Janu- 
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arj  31,  tbe  followiog  aiTan{i;eni«iiM  hare  been  made  for  tbe  proposed  expedition 
to  Spain  and  Algeria. 

The  Royal  Mail  Steanier,"Tagu8,"  (5,545  toni,  7,000  H.  P.)  or  a  sister 
vessel,  will  be  engaged  for  Che  exclusive  use  of  ttie  Members  of  the  British  Astro- 
nomical Association  and  friends  introduced  by  them,  and  will  start  from  South- 
ampton at  6  p.  M.  on  Friday,  May  18,  and  the  folloninj;  itinerary  will  be 
adopted ; — 

Leave  Southampton  < 

Arrive  Cadiz  f 

Arrive  Alicante 


Friday 
Tuesday 

lath: 

32d 

Wednesday 

23rd 

Thursday 
Tuesday 
Wednesday 

34th 
2gth 
30tb 

Thursday 

31st 

Friday 

1st  J( 

Monday 

4th 

Arrive  Alicante  t 

Leave        "  < 

Arrive  Gibraltar  7 

Arrive  Lisbon  10 

Arrive  Southampton  7 

It  ia  expected  that  the  Members  of  the  Association  will  divide  themselves 
into  three  pricipal  j;roups: — 

lat.    Those  observing  the  Eclipse  in  the  interior  of  Spain. 
2nd.       "  "  "        "      at  Alicante  ornei^hborhood. 

3rd,        "  "  "         "      in  Algeria,  where   the  ship  will  act  as  an 

Hotel  for  all  those  who  wish  to  use  it  in  that  capacity. 

The  5rst  party  will,  it  is  expected,  break  up  into  two  chief  sections — those 
who  will  alight  at  Cadiz  and  rejoin  the  ship  at  Alicante,  and  those  who,  alight- 
ing also  at  Cadiz,  will  rejoin  tbe  ship  at  Gibralter." 

The  Leonids  in  India.— Miss  Moutton's  report  of  observations  of  the 
Leonids  and  the  Andromedes  is  foil  and  interesting.  We  regret  that  we  have 
not  space  for  it  all  and  the  chart  kindly  furnished.    The  following  extracts  arc 

"On  tlie  night  of  tbe  14th  and  morning  of  tbe  I5tb  tbe  record  is  as  follows: 


1:00-3:30 

3:30-3:50 

3:50-4:5 

4:05-4:20 

4:20-t:35 

4:35-4:45 

4:45-5: 

5:     -5:15 

5:15-5:20 

5:30-5:37 


Meteors. 
29 


Leo  nidi. 
10 


Total  179  of  which    84 


I  watched  from  11  till  5:45.  The  bright  Moon  made  mncb  difference  with 
the  unmber  seen,  ondonbtedly.  At  2:35  was  a  bright  fire  ball,  leaving  a  trail  of 
greenish  yellow  ligbt  behind'  and  at  5:01  there  were  two  more  like  it. 
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On  Monda^r,  the  27th,  I  watched  for  Andromcdes.    This  !a  the  resnlt: 

Meteon.  ADdronedM. 

8:30-  9:15  13    of  which     5 

9:15-10:10  12  3 

10:10-10:40  6  1 

10:40-11:20  14  1 

11:20-11:40  12  3 


Total  57    of  which  13  were  Aodromedei. 


On  Tuesday,  Nov.  28: 


8:30-  9:15 
9:15-10:06 
10:05-10:30 


Wai,  Satara  DisTBicT.  India,  Dec.  7. 1699. 

Density  of  Variable  Stars  of  the  Algol  Type.— The  last  number  ol 
the  A»tropbj-aicalJonra»l,  Dec.,  1899,  contains  two  very  interesting  brief  articles 
on  this  subject.  Both  writers,  Mr.  Alexander  Koberts,  of  Lovcdale,  South  Africa, 
and  Mr.  Henry  Norris  Knssell,  of  Princeton  University,  attempt  to  obtaiD,  from 
the  data  of  the  light  Tariatioas  of  the  Htara,  maximum  Hmits  for  the  densities  of 
the  stars  as  compared  with  our  Sno.  The  K\go\  Variables  are  assumed  to  be  ex- 
ceedingly close  double  stars  whose  components  eclipse  each  other  at  regular  inter* 
Tals.  Mr.  Roberts  finds  the  dennties  of  the  two  components  separately  using  the 
fbrniulac 

in  which  t  is  the  periiidic  time  in  years,  iDi  and  mi  are  the  messes  of  the  compon- 
ents, and  pr  and  qr  are  their  respective  diameters,  r  being  the  semi-major  axis  of 


the  orlnt.    Since  -      ' —  and  — 

upper  limits  for  the  densities  are  given  by  the 


.  (0.0092)' 


ist  alwaya  be  less  than  unity,  practical 
preasions 
ind  d,  =  k 


_  <0.0092)' 


The  constant  0.0092  is  not  explained  by  the  writer  but  we  assume  it  to  be 
the  diameter  of  tbe  Sun  in  astronomical  units. 

Treating  fonr  southern  stars  which  he  has  bad  especially  under  observstion 
Ur-  Roberts  obtains  the  following  results: 


X  Cannie 
S  Velorom 
L«l.  5861 

0    13    00 
5    22    24 
0    14    32 

6  30 
14    50 

7  16 

0.71 
0.17 
1.0 

0.71 
0.46 
1.0 

0.25 
0.61 
0.27 

0.25 
0.03 
0.27 

RSSagHarii 

2      9    59 

I    7    00 

0.48 

0.44 

0.16 

0.21 
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ir  the  maises  of  the  two  components  in  each  were  aasnmed  to  be  equal,  then 
-.  '"'   ■    and  — ^'- —  would  each  be  one-half  and  each  of  the  densitiea  given 

above  would  be  divided  bv  two.    The  average  density  of  tbefe  four  stars  wonld 
thenbeO.lSaronly  one-eightb  that  of  the  Sun. 

Mr.  Russell  attempts  only  to  find  the  average  density  of  each  system,  but  by 
a  different  method  reaches  very  similar  results.  He  finds  as  an  expression  of  the 
upper  limit  of  density 

3K" 


in  which  t  is  the  period  of  the  variability,  d  the  duration  of  light  variation,  and 
^  is  found  fi-om  the  densitj  ofBartb  (5.53)  to  be  44.1.    The  results  for  17  star* 


o.  Id  ChaodK 

T"* 

tf 

Limit  of 

Nsme. 

in  honra. 

iB  bonra. 

DeoiltT. 

320 

UCephei 

59.82 

10. 

0.098 

1090 

B  Persei 

68.81 

9.15 

0.139 

1411 

ATauri 

94.87 

10. 

0.143 

2610 

S  Canis  Maj. 

27.26 

5. 

0.366 

3055 

X  CariuK 

13.00 

6.5 

0.261 

3109 

S  Caocri 

327.63 

21.5 

0.036 

3416 

S  Velornm 

142.40 

15.2 

0.061 

3374 

a  LibTE 

5685 

12. 

0.058 

5484 

U  Corona 

82.8B 

9.75 

0.137 

59*9 

RArs 

106.21 

10.3 

0.145 

6189 

U  Ophiuchi 

20.13 

5.1 

0.298 

6442 

Z  Hercnlia 

96.82 

5.3 

0.728 

6S46 

»S  Sagittarn 

57.93 

10.4 

0  086 

7399 

W  [)clphini 

115.35 

10. 

0.170 

7488 

V  Cysni 

71.90 

8. 

0.212 

DM.  +  12°3557 

21.35 

5. 

0.320 

B.  D.  +  45''3063 

109.75 

13. 

0.076 

Tbe  Corona  of  tbe  Sun  Visible  Wltfaont  an  Bcllp««.— Prom  an  arti- 
cle elsewhere  published  in  this  number  it  will  be  seen  that  Professor  B.  Miller,  of 
the  University  of  Kansas,  has  been  trying  to  make  visual  observations  of  the 
Corona  of  the  Sun  without  the  aid  of  the  Moon  at  time  ol  total  solar  eclipse. 
He  feels  quite  sure  that  he  has  succeeded  in  tbe  attempt,  and  definitely  and 
clearly  states  how  it  was  done.  He  would  have  made  more  observations  if  it 
had  been  possible  then  or  since  for  him  to  do  so.  Wc  are  sure,  from  corres- 
pondence and  from  the  language  of  the  article,  that  he  feels  the  need  of  more  evi- 
dence to  substantiate  tbe  large  and  wonderful  claim  that  he  makes,  than  has  yet 
been  secured.  We  are  also  sure  that  our  readers  will  say,  that  there  must  be 
some  mistake  about  this  single  observation,  and  some  cause  for  the  peculiar 
phenomenon  which  he  saw,  that  is  yet  unexplained  and  that  the  pictnre  is  not 
one  of  the  Corona,  although  it  looks  somewhat  like  that  which  should  appear 
in  the  polar  regions  of  the  Son.  We  are  anxious  that  Professor  Miller  shall 
have  the  full  benefit  of  the  earliest  announcement  possible  to  him,  for  any  sncb 
notable  discover?  as  it  may  be  possible  to  make  in  this  way.  We  urge  him  to 
try  again  and  so  learn,  by  varied  trials,  whether  he  can  see  the  Corona  in  this 
way  beyond  a  reasonable  donbt. 
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Modern  Avtronomy  — MeMra.  Wm.  Wealey  and  Son,  scientific  booii- 
■elien  and  pnUishera,  28  Bmcx  Street,  London,  England,  bave  recently  inncd  a 
■cientific  and  natural  historj  book  circnlar  (No.  135).  wbicb  deals  with  modem 
attronom  J  in  a  helpfnl  way.  It  ia  notbing  less  than  a  class!  Bed  catalogne  of  buoks 
and  pamphlets  on  modern  astroaomj.  It  embraces  the  literature  on  the  subject 
since  1800,  including  the  libraries  of  Ednin  Dnnkin,  Rev.  A.  Freeman,  J.  R.  Hind, 
A.  Marth  and  E.  J.  Stone.  The  classification  of  the  catalogue  appears  under  36 
heads  making  the  reference  to  anj  aitroaomical  tbeme  very  eaaj  and  certain. 
Under  these  heads  arc  classified  £240  books  and  pamphlets  treating  of  subjects 
comprising  the  whole  range  of  modern  astronomy  during  the  lUth  centnry. 
Under  each  separate  head  the  authors*  names  are  alphabetically  arranged  and 
printed  ia  heaTy-faced  type  so  as  to  be  very  easily  caught  by  the  eye  as  the  in- 
dex liat  is  scanned.  We  do  not  know  of  any  catalogue  compilation  in  the  inter- 
«tt  of  general  aatronomy  that  is  so  comptcte  and  useful  generally,  as  thii  new 
Wesley  catalogne,  for  the  period  of  time  it  covers. 

Honor  for  Dr.  Wm.  R.  Brooks.— We  have  failed  to  notice,  as  promptly  as 
we  sboold  have  done,  the  deserved  bonor  which  has  again  been  conferred  on  Dr. 
William  R.  Brooks  of  Smith  Observatory,  Geneva,  N.  V.  He  has  recently  re- 
ceived the  Lalande  prize  awarded  by  tbe  Paris  Academy  of  Sciences.  In  Ihe 
language  of  tbe  award  it  ia  bestowed  "for  numerous  and  brilliant  astronomical 
discoveries."  American  aatronomen  are  having  their  share  of  honO^  dispensed 
by  the  foreign  learned  societies.    Congratulations  to  Dr.  Brooks. 

CNscnltationa  Dnrinx  Um  Bcllpae  of  Dec.  16,  1898.— Below  are 
given  the  local  mean  times  of  disappearance  of  a  number  of  faint  stars,  ob- 
served with  the  twenty-inch  refractor  of  the  ChamberUn  Observatory,  tbe  mag- 
nifying power  being  200.  The  position  angles  are  from  the  north  point  of  the 
limb  toward  the  east.  As  the  Observatory  has  not  received  the  European  liat  no 
attempt  has  been  mode  to  identify  the  stars.  The  position  of  the  Observatory 
is  given  in  the  American  Epbemeris,  under  the  beading  Denver. 

MnKiiltude.      Podtioa  Ansle.  Mean  Time,      Notei. 

9.5  80  or  90  6      0    58,9    Good. 
10.3                     90  6      2    494    Poor. 

7  70  6       7    326    Good, 

10  70  6    16    23  9    Pretty  good. 

9.6  75  6    27       1,4 

11  65  6    27    46.4    Rather  poor. 
10                           e.*)  6    29       19    Good. 

10  55±  6    29      5.8    Good. 

11  S3  6    34    44,4 
10.S  6    36    22.6 

tO.5  0  6  40  25,3  Uncertain. 

10.5  60  6  54  0,8  Time  late,  from  faintness  of  star. 

10  45  6  56  35,:;  Pretty  good. 

10,5  65  7  3  36.3  Pretty  good. 

8  75  7  24  10.8  Bad,  because  of  brightness  of  Moon. 
8  15  7  32  21.0  Pretty  good. 

HERBERT  ±.  HOWE. 

UNivERsrTY  Pabk,  Colorado. 
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Solar  EclipBe,  May  28, 1900.— Pha»e»  for  Latitude  37°  30' N.    Longi- 
tude, 9+°  16'  W  {6"  17"  4'),  which  point  is  near  Lamar,  Barton  Co.,  Mo. 

Eclipse  begins  6"  37"'  19"1 

Greatest  Obaervation  7"  39"  36*}    Ceotral  Time.  *.  y. 

Eclipse  ends  8''*8-24'| 

Daration  S'll""    5' 

Nearest  approach  of  centres  of  Sun  and  Moon  410". 

Magnitude  .7878.    Sun's  diameter  unity. 

Position  Angle.' 

First  Contact       25°  Sonth  of  West. 

Last  Contact       49'     28"  North  ot  East. 

On  the  Sun's  disc. 


ORRtN  E.  Habhon. 


LritBRiL.  Barton  Co.,  Mo. 


Staff  of  the  United  Statca  Naval  Obaervatory.— The  following 
eh  anges  in  the  personnel  of  the  ObserTatory  have  taken  place  dnring  the  fiscal 

Capt.  Charles  H.  Davis,  U.  S.  N.,  reported  for  doty  as  sopetinteadent  on 
No  vember  1, 1898,  relievinn  Commodore  Robert  L.  Pythian,  U.  S.  N.,  who  was 
detached  on  that  date. 

Lieut.  Charles  C.  Marsh,  V.  S.  N.,  reported  for  duty  on  January  26  and  was 
assigned  to  the  department  of  nautical  instmrnents,  bat  was  detached  on  Jaun- 
ary  30,  1899. 

Lieut.  A.  N.  Mayer,  U.  S.  N.,  in  charge  of  the  departments  of  nautical  instru- 
ments and  chronometers  and  time  servijM,  reported  for  duty  on  September  16, 
1SS8,  and  was  detached  on  June  20,  1899. 

Lieut.  Ben  W.  Hodges.  U.  S.  N.,  reported  for  duty  on  June  28,  1899,  and  was 
assigned  to  the  departments  of  nautical  instruments  and  chronometers  and  time 

Computer  M.  E.  Porter  was  detached  from  the  transit  circle  and  sent  to  the 
time  service  on  July  15,  1898. 

Prof.  John  R.  Eastman  was  retired  for  age  July  29, 1898,  but  on  account  of 
the  Spanish  war  he  remained  on  duty  at  the  Observatory  until  October  13, 
1898.  He  was  originally  appointed  as  aid  on  November  7, 1862,  and  was  pro- 
moted to  be  professor  of  mathematics.  United  States  Kavy,  February  17, 
1865. 

•  Mr.  Aaron  N.  Skinner  was  promoted  from  assistant  astronomer  to  professor 
of  mathsmatics.  United  States  Navy,  on  July  30,  1898.  He  has  served  continu- 
ously at  the  Observatory  since  March  28.  1870,  when  he  was  appointed  an  aid. 

Mr.  John  N.  James,  electrician,  resigned  July  31,  1898. 

Mr.  R.  H.  Charles  was  appointed  to  be  electrician  August  1, 1K98,  vice  Mr. 
John  N.  James,  resigned.  Mr.  Charles  was  ori^aally  appointed  as  engineer 
February  17. 1898. 

Mr.  Frank  B.  Littell  was  promoted  from  computer  to  assistant  astronomer 
on  Anguat  6, 1898. 

Computer  W.  S.  Eicbelberger  was  transferred  from  the  Nautical  Almanac 
Office  to  the  Observatory  on  August  15, 1898. 

Mr.  George  H,  Peters  was  appointed  photographer  on  August  15, 1898,  vice 
Charles  T.  Fellows,  deceased. 
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Mr.  William  P.  Gardaer,  instrument  maker, died  December  11,  1898.  He  was 
first  employed  in  the  Observator}-  on  September  8.  1864.  and  was  promoted  to 
be  instrument  maker  on  November  1,  1866. 

Mr.  J.  W.  Davison,  employed  io  the  library,  lelt  the  Observatory  on  Febru- 
ary 3,  1899.  and  hit  pince  was  supplied  by  Kenneth  B  Turner,  formerly  em- 
ployed in  the  Treasury  Department,  with  wliom  be  had  exchanged  iKisitions. 

Prolessor  T,  J  J.  See  reported  for  duly  at  the  Observatory  on  March  2, 
1899. 

Profe*sor  H.  M.  I'aul  was  detached  from  the  Observatory  on  Miirch  3.  1899. 

Mr  H.C.  Clevc  reported  for  duty  a3  instrument  maker  on  March  7,1899, 
vice  William  F.  Gardner,  deceased. 

Professor  Edgir  Frisby,  I",  S.  N.,  was  retired  for  (ige  May  22,  18119.  He  was 
originally  appointeJ  as  an  aid  on  June  2'2,  186H.  and  was  promoted  to  be 
professor  of  mathematics,  fiiited  States  Navy,  June  II,  1878. 

Rapid  Chancre  on  the  Surface  of  the  Sun,— Cuniline  E.  Purnesa  in 
charge  ol  the  Obscrvatiiry  at  Viissar  Colii-Re,  rouphbecpsic.  New  Voik.  was  ex- 
ami[.li>Kihesur(a(.eof  1.I1C  Sun,  «ith  ihi- ulesi-.^pe,  Jan.  22.  at  about  3  cVloek  in 
the  af'ernoon.  and  noticed  an  interesting  ch.'inge  jjoing  on  at  one  point  in  the 
surface.  When  first  looked  at  the  solar  surface  was  everywhere  clear  of  spots. 
Fifteen  minutes  lattr,  a  very  small  spot  wos  seen  near  the  central  .region.  The 
image  ol  the  Suit  was  thrown  upiri  a  screen  and  made  about  filtcen  inches  in 
diameter.  The  spot  then  a[jpearcd  like  a  pin  head.  While  watch  ng  it  closely  a 
second  fainter  one  appeareit  near  it.  ind  [irc"CiilIv  two  or  three  attendant 
darkeninys  whivh  looked  very  inixch  like  the  orrlinarv  n'^dules,  except  that  ibey 
were  dark  enonnh  to  sianil  out  'luiie  c.mspi.u'iusly  auainst  the  mottled  disc  of 
the  Sun.  In  ten  uii.iiites  these  dnrk  buiies  had  (aclcti  s.i  as  to  be  scarcely  visible, 
and 'inly  ihc  h'st  simt  rem..ini'd.    As  the  Sun  wn»  low  the  observalions  could 
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geometrical  figures.  When  the  student  has  some  acquaintance  these  ways  of 
elementary  thinking,  then  the  teacher  may  safely  begin  to  exercise  or  tax  the 
learner  gradually  and  progressively  on  the  side  of  training  which  is  sometimes 
called  invention  or  discovery. 

In  this  we  think  these  authors  judge  wisely.    We  believe  they  ate  right. 

The  ideas  of  modern  geometry  that  simplify  the  ancient  methods  find  de- 
served place  in  this  revision.  The  free  use  of  various  kinds  of  symbols  to  ab- 
breviate definitions  and   proofs  is  in  full  keeping  with  modern  ways  that  are  in 


.y  Google 


110  Genei&l  Notes. 


general  favor.  Tbe  m&nifest  gain  in  tbia  wa;  of  writing  ia  the  advantage  in 
holding  tbe  attention  of  the  student,  while  he  ia  trying  to  master  a  given  cour*e 
of  reasoning,  or  to  gain  knowledge  of  an  nntamiliar  principle  or  concept.  Clear 
and  concise  espresaion  has  great  valae  if  it  be  not  so  brief  as  to  be  ambiguons. 
The  eminent  and  scbolarlj  Loomis  of  Yale,  years  ago,  uacd  to  call  bia  atudenta 
back  to  demonstrations  in  geometry  a  second  tirn*  ofien,  and  aay  "  now,  have 
given  those  proofs  in  the  best  way  possible !    Try  again." 

As  far  as  we  have  bad  opportunity  to  examine  this  book,  it  appears  to  be 
work  very  well  done.  It  ia  expected  that  the  pnblishers  will  do  their  work  well, 
for  Messrs.  Ginn  &  Company  alwHjrs  do  their  part  admirably.    ■ 


Holden'a  Elementary  Astronoiny,— This  new  book  ia  published  by 
Messrs.  Henry  Holt  &  Company,  and  is  one  volume  in  the  elementary  course  of 
the  American  Scienee  series  which  is  being  issued  by  the  aame  publishers.  It  ia 
a  beginner's  text-book  and  contains  446  pages  with  ample  illustration,  which  is 
neat,  nell-chosen  and  not  obtrusive.  Tbe  book  is  a  condensation  of  two  others 
written  hy  Professors  Newcomb  and  Holden  about  twenty  years  ago  for  thia  same 
science  series.  Though  a  condensation  in  matter,  it  ia  entirely  re-written  and 
many  new  illuatrations  added  which  makes  the  book  to  well  represent  the  state 
of  tbe  present  advancement  of  astronomy  in  phases  most  useful  for  elemental 
study.  We  are  pleased  to  notice  how  aptly  and  well  the  author  has  presented  in 
illustration  and  happy  expression  the  more  difficnlt  topics  that  must  receive 
some  attention  even  in  an  elementary  textbook.  One  illustration  of  this  is  a 
cut  representing  tbe  Fall  of  rain  in  which  a  man,  a  horse  and  a  train  of  cars  are 
running  at  different  rates  of  speed.  The  dropa  appear  to  be  falling  vertically 
over  adjacent  houses,  obliquely  asainst  the  man,  and  more  end  more  so  against 
the  horse  and  the  more  rapidly  moving  train.  It  ia  a  most  delicate  art  to  il- 
lustrate  well,  especially  if  the  theme  is  a  hard  one  to  comprehend  in  the  most 
favorable  light  that  may  be  shed  upon  it.  This  is  certainly  true  in  the  case  of 
the  aberration  of  light. 

Another  excellent  illustration  ia  the  two  page  cnt  of  tbe  Moon  with  numbers 
and  names  on  tbe  picture,  and  outside  on  tbe  same  page,  are  found  189  names  of 
objects  referred  to  and  located  on  tbe  map  in  the  proper  quadrant  to  which  each 
one  belongs.  Tbia  scheme  is  an  admirable  key  to  guide  anyone  in  elementry 
Btuy  of  the  lunar  surface. 

The  later  ways  of  presenting  the  themes  of  elementary  astronomy  by  what 
ia  called  the  "laboratory  "  or  the  inductive  method  has  reeeived  some  attention 
in  this  new  book.  It  is  done  by  means  of  lists  of  review  questions,  and  cuts  of 
simple  apparatus  which  may  be  made  easily  by  any  one.  This  bind  of  exercise 
is  made  quite  prominent  and  the  teacher  is  expected  to  use  bis  own  judgment  in 
emphasizing  this  part  of  the  training  exercise.  Prom  a  perusal  of  the  full  and 
carefully  written  introduction,  one  will  readily  understand  how  important  the 
author  deems  this  kind  of  work.  Professor  Holden  has  prepared  a  first  rate 
text-book  and  the  publishers  have  done  their  part  well.  Teachers  vi 
it  with  interest  and  profit. 


Scientific  Thongbt  of  the  Nineteenth  Centnry  is  the  title  of  an  ad- 
dress, delivered  belore  the  Connecticut  Academy  of  Arta  and  Sciences  October  11, 
18U9,  by  Wm.  North  Rice.  The  purpose  of  the  address  was  to  call  attention  to 
a  "single,  broad,  general  aspect  Of  the  intellectual  history  of  our  age."  In  brief, 
it  was  to  show  how  largely  general  ideas  which  make  a  distinction  between  tbe 
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•dmtific  and  anBcimtiBc  view  of  oatate  have  nrousbt  during  tbe  niacteentb 

Tb«  first  of  tbeM  ideat  is  the  esteoaioD  of  the  uDiverse  in  space.  The  na- 
•rientific  miod  loolis  apon  the  celestial  bodies  as  beloaginK  to  tbe  Earth,  and  as 
relativel;  small  and  near  to  it.  The  scieattfic  mind  knows  that  tbe  stellar  urn- 
Terse  stretches  away  into  illimitable  space  wbicb  ontreacbcs  all  finite  power  or 
imaKinatlon  to  measure  it. 

Another  idea  is  the  extensioa  of  tbe  universe  in  time.  Tbe  unscientific  mind 
does  not  know  that  the  universe  bas  a  bistorr.  To  sucb  tbongbt  it  is  only 
chaos.  To  the  scientific  mind  the  universe  is  a  cosmos.  Its  forces  ere  not  dis- 
cordant however  much  the;  appear  so.  Polytheism  is  not  a  part  of  religion,  for 
the  scientific  mind  knows  that  this  universe  is  dominated  by  a  supreme  unity, 
imminent  in  all  things  in  time  and  space. 

A  third  idea  is  the  unity  of  the  universe.  To  the  unscientific  mind  tbe  pro- 
cesses of  nature  are  thought  of  as  acting  independently  and  often  in  discordant 
way,  To  tbe  scientific  mind  tbe  boundless  complexity  is  pervaded  by  one  system 
of  law,  intelligible,  foroinlable  throughout  all  its  measureless  extension  in  apace 
and  time. 

The  extension  of  the  univerEe  in  space  had  its  growth  mainly  in  earlier 
times.  The  Greek  geometers  learned  the  approximate  sixe  of  the  Bartb  and  the 
distance  of  the  Moon,  The  Copernican  system  of  astronomy  as  modified  by 
Kepler  gave  the  true  idea  of  the  solar  system ;  the  discovery  of  Neptune  greatly 
increased  its  size,  and  tbe  known  distances  af  a  few  stars  show  tbe  vast  magni- 
tude of  the  stellar  universe  as  it  is  now  approximately  measured. 

Tbe  extension  of  tbe  universe  in  time  was  known  to  some  extent  in  tbt  time 
of  Fythagorns  from  a  study  of  tbe  changes  in  the  crust  of  the  Earth,  but  Hut- 
ton's  Theory  of  tbe  Earth,  in  an  important  sense  marked  tbe  beginning  of  mod- 
ern theorizing  as  to  the  time  from  tbe  stud;  of  Geology. 

In  this  century  is  found  tbe  chief  development  of  astronomy  in  regard  to  the 
hittory  of  the  solar  system.  The  work  of  Laplace,  Kant,  Swedcnborf;  and  New- 
ton laid  the  tonndationand  the  building  thereupon  bas  been  large  and  amaiingly 
rapid. 

Tbe  ailtbor  then  speaks  of  spectrum  analysis,  conservation  of  energy, 
modem  chemical  philosophy  and  finally  lands  lavishly  the  idea  of  evolution  as 
the  greatest  intellectual  acbievemnt  of  our  age.  In  one  of  his  rhetorical  flights, 
he  sees  "  tbe  author  of  that  sublime  Hebrew  psalm  ol  Creation,  preserved  to  us 
in  tbe  first  chapter  of  Genesis"  as  "evolutionist  in  his  way,"  because  be  says 
"let  the  earth  bring  forth,  let  tbe  waters  bring  forth."  The  idea,  he  thinks,  is 
growth  and  not  mannfacture. 

In  the  last  paragraphs  of  the  address  the  author  professedly  goes  outside  the 
realm  of  science  to  speak  of  Theology,  the  Church  end  the  immanence  of  God. 
He  fairly  speaks  of  the  influence  of  science  on  religions  thought  in  such  a  way  as 
Dot  to  disturb  Christian  faith  in  a  real  revelaliou.  But  when  he  implies  the  ex- 
istence of  sucb  an  imminent  "  Intelligence  "  in  nature  that  ihere  is  no  room  for 
tbe  ''Carpenter  God"  ol  the  old  Theology  as  he  chose  In  call  Christ,  then  our  in- 
structor in  Theology  is  assuming  much  that  he  evidently  does  know.  That 
is  unscientihc  assumption.  That  is  begging  the  question  more  than  Darwin  and 
Huxley  ever  did  when  they  honestly  thought  they  had  proved  tbe  origin  of  life 
in  matter.  Mr.  Rice  should  review  his  logic  before  be  makes  another  attempt  of 
this  kind. 
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Variables. — The  followiiif;  variables,  though  of  small  magnitude,  were 
founil  with  a  four  inch  telescope  without  circles  by  the  aid  of  the  charts  published 
in  Popular  Astronomy. 

The  period  of  W  Lj'rce*  is  unknown  and  its  variations  seem  to  be  of  an  irregu- 
lar nature. 
Oct.  11  th.  1899.    W  Lyrreisori2tbmag.    Nov.  29th,  1899.   About  of  9  mag. 


22d 

It  is  of  10th  mag. 

3«th 

23d 

Do. 

Dec.  1st 

2«th 

It  is  about  9th -nap. 

2d 

31st 

OflOthmae. 

3d 

Nov.  1st 

Do. 

5th 

■tih  Oi  9th  mag.  tith  Uo. 

6th  Do.  17th,  1  nth  and  19th  it  was  full v 

2l9t  Nearlv  S.6  maR.  ci|ual  to  adjacent  star  of  8.6 

.22d  Slightly  decreased,  mng. 

.After  this  it  was  hidden  from  view  at  dusk  by  neiKhlioring  buildings  but  il  is 
to  lie  hoped  that  iilhcr  observers  traced  its  variations  to  a  later  date. 

Madam  Ccraski'sf  new  Algol  variable  in  Cypnus  was  observeil  as  follows,  the 
comparison  stars  being  those  so  conveniently  furnished  by  Mr.  J.  A.  Parkhurst: 
Nov.  2d,  1S',)9.    Barely  visliilt  in  a  high  Dec.   20th  Do. 

■tth  Nearly  of  «.<)  mag.  2U 
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VARIABLE  STARS  OF  THE  ALGOL  TYPE. 

H.  C.  WILSON. 

The  interesting  articles  referred  to  in  the  last  number  of  topu- 
J.AS  Astronomy,  od  the  Densities  of  the  Algol  Variables,  by 
Messrs.  Alexander  Roberts  and  Henry  Norris  Russell*,  led  the 
writer  to  brush  np  his  knowledge  of  this  class  of  variable  stars, 
and  it  was  thought  that  some  of  the  results  of  his  study  might 
be  put  in  such  form  as  to  be  interesting  to  the  readers  of  the  . 
magazine.  What  is  written  is  therefore  presented  with  no  claim 
to  originality  or  a  thorough  study  of  the  subject.  We  venture 
to  hope,  however,  that  it  may  be  of  .use  in  putting  clearly  before 
the  minds  of  perhaps  some  of  the  professional  astronomers  as 
well  as  of  the  average  reader,  the  problem  of  interpreting  the 
varying  light  of  these  peculiar  stars. 

These  variables  are  regarded  as  exceedingly  close  double  stars, 
whose  light  variation  is  caused  by  the  eclipse  of  one  star  by  the 
other.  The  planes  of  their  orbits  must  be  nearly  parallel  to  the 
line  of  sight  from  the  Earth  to  the  star,  so  that  each  star  in  the 
course  of  a  revolution  will  pass  between  the  Earth  and  the  other 
star,  cutting  off  its  light  in  part  or  wholly,  just  as  the  Moon 
eclipses  the  Sun.  The  parallel  will  be  much  better  if  we  can 
imagine  two  suns  close  together,  revolving  about  each  other  so 
swiftly  that  every  few  days  or  hours  the  one  passes  in  front  of 
the  other.  When  they  are  separated,  side  by  side,  we  receive  the 
light  from  the  whole  hemisphere  of  each  of  them,  and  their  com- 
bined light  is  at  a  maximum.  When  they  are  so  nearly  in  line 
with  the  Earth  that  the  disc  of  one  appears  to  overlap  that  of 
the  other,  part  of  the  light  of  the  more  distant  star  is  cut  o£F 
and  their  combined  light  is  diminished.  If  the  stars  are  equal  in 
diameter  and  the  one  passes  directly  in  front  of  the  other,  for  a 
moment  there  is  a  total  eclipse  of  the  more  distant  star  and  the 
eye  receives  only  the  light  of  the  nearer  ooe.  If  the  orbit  be  cir- 
cular, under  these  conditions  there  are  two  equal  minima  of  the 
star  during  each  revolution,  the  intervals  between  them  are 
equal  and  the  periods  of  waning  and  increase  of  light  are  equal. 
•  Aatropbjrikal  JoanuU  yo].X.  p.  308-S18. 
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Under  the  same  conditions,  if  the  two  stars  are  of  equal  sor- 
face  brightness,  the  greatest  diminution  of  their  total  light  will 
be  0.8  o(  a  magnitude,  for  in  case  of  a  total  eclipse  of  either  by 
the  other  only  half  of  their  total  light  will  be  cut  off.  Since  a 
star  of  a  given  magnitude  on  Argelander's  scale  is  approximately 
2.5  times  as  bright  as  one  of  the  next  lower  magnitude,  to  divide 
its  light  by  2  would  reduce  its  magnitude  by  2/2.5  =  0.8. 

In  case  the  two  stars  are  of  equal  surface  brightness  but  of 
unequal  diameters,  the  light  at  either  minimum,  if  the  eclipse  be 
central,  is  very  nearly  equal  to  that  from  the  larger  star  and 
hence  the  diminution  of  light  will  be  less  than  0.8".  So  when 
the  components  are  of  equal  surface  brightness,  there  can  be  no 
very  marked  minima.  If  the  difference  in  size  is  very  great  the 
minima  will  be  scarcely  noticeable. 

On  the  other  hand,  when  one  of  the  stars  is  darker  than  the 
other,  the  minima  will  be  unequal,  and  may  be  so  unequal  that 
oiie  will  not  be  observable  at  all,  while  at  the  other  the  star  may 
become  nearly  or  quite  invisible. 

When  the  orbit  of  one  star  about  the  other  is  elliptic,  as  is  usti> 
ally  the  case,  there  are  two  minima  which  may  be  equal  or  un- 
equal according  to  the  inclination  of  the  orbit  and  the  relative 
brightness  of  the  component  stars.  The  intervals  between  the 
two  minima  of  each  revolution  are  generally  unequal ;  the  excep- 
tion being  when  the  major  axis  of  the  ellipse  lies  in  the  line  of 
sight  from  the  Earth  to  the  star. 

The  6gures,  which  we  have  prepared,  will  perhaps  enable  the 
reader  to  understand  more  clearly  the  statements  already  made, 
and  prepare  the  way  for  those  which  will  follow.  In  Fig.l,  Plate 
IV,  we  will  suppose  the  circle  A  to  represent  a  bright  star,  and  B 
a  smaller  or  darker  star,  both  revolving  in  circular  orbits  around 
their  common  center  of  gravity  C.  Let  EA  be  a  portion  of  the 
line  of  sight  from  the  Earth  to  the  star.  If  this  line  of  sight  lie 
in  the  plane  of  the  orbits  AA'A"  and  B^^',  it  will  be  clear  that 
every  time  B  passes  the  position  B,B,  it  must  be  projected  in 
perspective  against  A,  as  shown  in  Fig.  2,  Plate  IV,  obscuring  a 
surface  areajof  A  whose  projection  is  equal  to  the  projection  of 
the  earthward  surface  of  B.  -Mso  when  A  reaches  A",  B  will  be 
at  B"  and  will)  be  wholly  obscured  by  A.  Between  those  posi- 
tions as  at  A'B'  the'stars  will  send  their  combined  radiation 
earthward. 

It  will  be  easier  to  study  the  relative  movements  of  the  two 
stars  if  we  transfer  tht  center  of  movement  to  the  center  of  the 
bright  star  and  ascribe  the  whole  change  of  position  to  the  lesser 
star.    The  orbit  of  B  about  A  will  then  be  the  larger  circle  BiB^B,. 
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This  circle  represen  ts  truly  the  relative  movement  of  B,  for  clearly 
-4B,  is  equal  both  in  length  and  direction  to  A'B",  and  A"B"  has 
its  counterpart  in  the  line  between  AB,  and  AB,.  The  angular 
movement;  of  B  is  the  same  in  both  cases,  but  its  linear  velocity 
in  the  relative  orbit  ts  the  sum  of  the  real  velocities  of  A  and  B. 


Elliptic  Orbit 


Algol  Vabiablb, 


Using  then  the  larger  circle  and  regarding  A  as  stationary,  we 
may  draw  the  parallel  lines  MNand  JW'W  tangent  to  the  disc  of 
A  as  thelimits  of  a  cylinder  within  which  B  must  enter  in  order 
to  eclipse  A  on  the  one  hand  or  be  eclipsed  on  the  other.  Suppos- 
ing the  eclipse  to  be  central  and  taking  no  account  of  the  atmos- 
pheres of  the  stars  (a  most  important  omission),  as  soon  as  B 
reaches  the  position  B„  tangent  to  AfW,the  light  begins  to  wane; 
slowly  at  first,  then  more  rapidly,  as  the  longer  chords  of  B  en- 
croach  upon  A,  then  more  slowly  until  at  B„  the  whole  disc  of  B 
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overlaps  tfaat  of  A  and  tfae  li^ht  is  at  a  minimum.  The  miaimam 
will  continue,  practically  stationary,  until  B  reaches  B„  tangent 
to  M'N', when  the  increase  of  light  will  begin,the  order  of  change 
being  the  reverse  of  that  of  the  waning,  ending  at  B^.  From  B^ 
to  B,  the  light  will  be  constant,  but  from  £,  to  B,  a  secondary 
minimum  will  occur,  the  light  of  £  being  cut  o£f  by^i,  waningfrom 
B,  to  B„  stationary  from  B,  to  B,  and  increasing  from  B,  to  B,. 
From  B,  to  B,  the  light  will  remain  constant  again.  Thus  one 
will  readily  see  that  a  variable  of  this  class  should  have  two  min- 
ima and  that  generally  the  two  minima  should  be  unequal.  Only 
in  case  the  two  stars  are  of  equal  surface  brightness  can  the  two 
minima  be  equal.  In  that  case  the  brightness  at  both  minima  is 
practically  that  of  the  star  A,  for  at  the  primary  minimum  B 
gives  about  as  much  light  as  it  cuts  off  from  A,  while  at  the  sec- 
ondary minimum  the  light  is  wholly  that  of  A. 

The  reader  must  understand  that  these  stars  are  so  distant 
from  the  Earth  that  they  are  mere  points  as  seen  through  the 
most  powerful  telescopes  and  that  the  distance  between  the 
components  is  far  below  the  limit  of  measurement  with  a  mi- 
crometer. No  one  of  them  has  ever  been  seen  double  in  a  teles- 
cope. Very  little  therefore  can  be  determined  with  reference  to 
their  orbits.  The  fact  of  their  being  double  was  a  mere  infer- 
ence from  the  phenomena  of  their  light  variations,  until  a  few 
years  ago.  In  1888-9,  Professor  Vogel,*  by  a  series  of  photo- 
graphs of  the  spectrum  of  Algol  proved  that  that  star  was  mov> 
ing  away  from  the  Earth  before  each  minimum  at  the  rate  of 
24.4  miles  per  second  aad  was  approaching  at  the  rate  of  28.5 
miles  per  second  after  each  minimum,  proving  conclusively  that 
it  was  revolving  about  a  center  of  gravity  under  the  control  of 
a  force  from  a  dark  companion. 

The  other  variables  of  this  ty\>e  are  all  fainter  than  Algol  and 
their  orbital  motions  have  not,  so  far  as  I  am  aware,  been  de- 
termined spectroscopically,  so  that  we  must  conBne  ourselves  to 
what  can  be  learned  from  their  light  changes  and  the  similarity 
of  these  changes  to  those  of  the  one  known  to  be  binary. 

First,  then,  let  us  connect  the  light  curve  of  Algol  at  minimum 
with  the  orbital  velocity  determined  by  Vogel.  For  about  59 
hours  Algol's  light  is  practically  constant,  shining  as  a  star  of 
2.3  magnitude.  Nearly  five  hours  before  minimum  it  begins  to 
decline,  slowly  at  first  then  more  rapidly,  until  at  minimum  its 
magnitude  is  about  3.4.    It  then  increases  in  the  reverse  order  of 

*  Asttonomiacbe  Nacbriebtea,  No.  29i7. 
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its  decliae,  a  very  little  more  slowly  perhaps,  recovering  its 
normal  brij^htness  in  a  little  less  than  five  hours,  the  total  dura* 
tioa  of  the  light  change  being  about  9"  45™.  The  curve  of  those 
changes,  as  determined  by  Dr.  Scheiner  from  all  available  obser. 
vations  during  the  last  two  centuries,  is  shown  in  Fig,  4. 
Supposing  the  transit  of  the  companion  star  to  be  central  over 
the  primary  and  the  orbit  to  be  circular,  it  is  evident  from  Fig. 
1  that  the  sum  of  the  diameters  of  the  two  stars  is  equal  to  the 
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Fig.  4.    Light  Cvbtbs  fob  Algol. 
line  B,B„  or  the  sum  of  their  radii  is  one-half  of  that  Hne.    Rep- 
resenting the  radius  of  A  by  a,  that  of  B  by  6  and  that  of  the 
orbit  by  R,  the  duration  of  light  variation  by  d  and  the  total 
period  of  the  variable  by  p, 

1  77  B,AB.  =  Rain  ■=  ■ ■ 

2  '  2    p 

If  the  orbit  be  elliptic,  as  in  Fig.  3, 

a  +  ft  =  r,  sin  (v„  —  r,)  =  r^  sin  (v,  —  v,) 
where  Ti,  r„  Vj  aad  v,  are  the  radii  vectores  and  the  true  anomalies 
of  the  points  B,  and  S,,  and  v,  the  true  anomaly  of  the  point  B, 
which  can  be  computed  by  the  usual  elliptic  formulae  when  the 
elements  are  known. 

Confining  ourselves  to  the  circular  orbit,  which  is  very  nearly 
true  in  the  case  of  Algol,  and  adopting  Vogel's  mean  orbital 
Telocity  26.3  miles  per  second  and  Chandler's  period  2'  20''  iS" 
55'  =  247,735'  =  68.814"  we  have 


(1) 


(2) 
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je.  =  ??£21|tlill=  =  1,040,000  mil»; 

that  is,  the  principal  star  is  about  one  million  miles  from  the  cen- 
ter of  gravity  of  the  system.  Assuming,  from  the  loss  of  light  at 
a  minimum  of  about  1  magnitude,  that  the  surfaces  are  in  the 
ratio  of  1.00  to  0.60,  we  should  have  for  the  ratio  of  the  diame- 
ters of  the  stars  1  to  0.78 ;  and  for  their  volumes  1  to  0.475  or 
approximately  0.5.  Again  assuming,  what  may  or  may  not  be 
true,  that  their  densities  are  equal,  their  masses  will  be  in  pro- 
portion to  their  volumes  and  their  distances  from  the  center  of 
gravity  will  be  as  1  to  2.  So  we  may  take  in  round  numbers  for 
the  distance  of  the  primary  star  from  the  center  of  gravity 
1,040,000  miles,  for  the  distance  of  the  satellite  from  the  center 
of  gravity  1,040,000  •^  0.475  =  2,190,000  miles,  and  for  the  dis- 
tance of  the  center  of  the  satellite  from  the  center  of  the  primary 
star  3,230,000  miles.    The  sum  of  their  radii  then  becomes 

a  +  6  =  J?  sin  -.  7t  =  3,230,000  sin  (^^g\  X  18oA  = 

1,390,000  miles. 
Dividing  the  sum  in  the  ratio  of  1  to  0.78  we  have  a  =  781,00{> 
miles  and  b  =  609,000  miles. 


Fig.  6. 
Let  us  now  see  how  these  dimensions  of  the  two  stars  will  sat- 
isfy the  light  curve.  In  Fig.  5  let  B^be  the  projection  of  a  por- 
tion of  the  orbit  of  the  satellite  7!  near  conjunction  with  A.  If 
the  transit  were  central,  the  distance  AE  would  be  zero;  in  gen- 
eral it  isJ?  sin  J,  where  i  is  the  inclination  of  the  line  of  sight  to  the 
plane  of  the  orbit.  In  the  case  of  Algol  the  light  is  not  station- 
ary for  any  noticeable  length  of  time  at  the  minimum,  so  that 
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the  transit  cannot  be  central.  Let  us  assume  that  the  inclina- 
tion is  just  enough  to  cause  the  disc  of  B  to  wholly  enter  upon 
that  of  A,  producing  internal  tangency  at  minimum;  then 

i?sin  /=  a  —  b  and  sin  i=  — p— .  (3) 

Let  p  =  the  projection  of  AB  and  u  =  the  angle  BAB,  then  at 
any  moment 

P  =  Vif>  cos'  a  sin*  i  +  IP  sin*  a  (4) 

If  (  represent  the  time  occupied  by  the  satellite  in  passing  from 
BtoB 

a  =  -X  360°.  (S) 

P 
The  area  from  which  the  light  is  cut  off  at  any  moment  is  the 
snm  of  the  two  segments  between  thechord  and  the  two  arcs  CC. 
The  segments  are  the  differences  between  the  corresponding  sect- 
ors and  triangles  ACC  and  BCC.    The  areas  of  the  sectors  are 

Sector  ACa  =  n&^  (^o)  and  Sector  BCa  -  nif  (^o) 

in  which  9^  and  ^,  represent  the  angles  BAC  and  ABC  respectively. 
The  areas  of  the  triangles  are 

^ACa  =  a»  sin  9,  cos  B^  =  ^^  ^'^  ^^'  aod 

^SCC  =  b^  sin  e,  cos  e,  -  ^^^2^'. 

From  these  we  obtain  for  the  area  of  the  eclipsed  portion  of  the 
primary  star 

The  angles  (fi  and  S,  may  be  found  by  the  formulae 

cos  ff,  =  - — zi~ ■  and  cos  ff,  =  ^--  --^^ .         (7) 

2ap  '  26/3  ^ 

If  the  loss  of  light  be  considered  proportional  to  the  area  of  the 
covered  part  of  the  disc  and  the  satellite  gives  no  apprecia- 
ble light  we  may  express  the  ratio  of  the  brightness  at  any  mo- 
ment to  the  normal  brightness  by 
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and  the  loss  in  magDitudes  bj 


.10 


logL. 


(9) 


By  the  aid  of  these  formulae  I  computed  the  values  of  ^m  for 
Al^ol  for  the  five  hours  before  and  after  minimum,  with  the  val- 
ues a  =  781,000  miles  and  b  =  609,000  miles.  In  the  computa- 
tion, however,  I  expressed  a  and  b  in  terms  of  R  by  dividing 
each  by  3,230,000.  R  then  became  mrity  in  the  formulae  and 
a  =  0.2415  and  b  =  0.1885.  The  values  of  Jm  found  agreed 
exactly  with  those  computed  in  a  similar  manner  by  Dr.  J.  WiU 
singt  and  are  represented  by  the  lower  dotted  curve  //  io  Fig.  4i. 
It  will  be  noted  that  this  carve  nowhere  deviates  more  than 
0.10  magnitude  from  the  observed  light  curve.  The  small  devia- 
tion is  however  systematic  and  larger  than  the  errors  of  the  ob- 
served carve.    Dr.  Vogel  considered  that  the  observations  conld 
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Fig.  6.  WiLsiNG's  Couputbu  Licht-curvb  o.'  Algol. 
be  better  represented  by  supposing  the  two  stars  to  be  smaller 
in  diameter  but  surrounded  by  extensive  atmospheres,  the  ab- 
sorption of  which  changes  the  character  of  the  curve.  He  esti- 
mated the  radii  of  the  two  stars  as  a  =  530,000  and  b  =  415,- 
000  miles.  The  upper  dotted  curve  I  in  Fig.  4  represents  the 
light  changes,  which  I  have  computed  with  these  dimensions  of 
the  stars,  neglecting  the  effect  of  their  atmospheres.  The  dura- 
tion of  the  light  change  would  be  only  6*'  30'"  and  there  would 
be  a  stationary  period  oi  a  half  hour  or  more  at  the  minimum. 
t  Astroaomiscbe  Kacbriehtea  No.  2960. 
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Dr.  Wilsing  by  using  Vogel's  radii  of  the  stars  and  assnming 
tliat  the  atmospheres  sarrouading  the  stars  extended  to  the 
limits  which  in  our  first  computation  we  gave  to  the  stars  them- 
selves, 1.  e.  to  781,000  miles  and  609.000  miles  from  the  respec- 
tive centers,  was  able  to  represent  the  observed  light  curve  in  all 
parts  within  0.02  magnitude,  the  coefficient  of  absorption  which 
be  deduced  being  only  one-fortieth  of  that  of  the  Earth's  atmos- 
phere. In  Fig.  6  I  have  platted  his  final  values,  in  which  he 
made  a  small  correction  for  the  eccentricity  of  the  orbit,  which 
he  found  to  be  0.011,  together  with  the  observed  light  curve. 
The  dotted  line  here  coincides  so  closely  with  the  smooth  line 
that  it  was  difficult  to  draw  them  so  as  to  show  both.  No  more 
complete  representation  of  observation  by  theory  could  be  asked 
for. 
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Fir..  7.  Theoretical.  Light-cubvhs. 
In  the  first  part  of  his  investigation  Dr.  Wilsing  takes  up  the 
question  of  the  possibility  of  two  such  bodies  existing  in  so 
close  proximity  and  shows  that  the  deformation  of  one  of  the 
bodies  by  the  attraction  of  the  other  amounts  to  only  one- 
ninetieth  part,  which  is  much  less  than  the  flattening  of  Jupiter 
by  its  own  rotation.  He  also  shows  that  if  the  satellite  shines 
by  reflected  light  only,  its  brightness  cannot  be  more  than  ^  of 
that  of  the  primary  star  and  therefore  it  could  have  no  influence 
upon  the  light  curve.  That  its  light  is  very  feeble  is  evident  from 
the  fact  that  Algol  has  no  secondary  minimum.  Dr.  Plassman* 
thinks  he  has  observed  slight  changes  in  the  light  of  Algol  be- 
•  Aatroaomj  mad  Astropbjaiea  Vo!  XI,  p.  419. 
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tween  minima.  These  changes  are  very  slight  and  must  be  ex- 
plained in  some  other  way  than  by  the  eclipse  theory,  for  he  finds 
two  secondary  minima,  neither  of  them  anywhere  midway  be- 
tween the  primary  minima. 

In  Fig,  7  I  have  drawn  some  theoretical  curves,  which,  though 
having  do  basis  in  actual  observation,  may  assist  in  compre- 
hending the  problem.  The  dotted  curve  was  computed  on  the 
hypothesis  of  two  stars,  without  atmospheres,  equal  in  diame- 
ter and  intensity  of  surface  luminosity,  revolving  about  each 
other,  or  rather  their  common  center  of  gravity,  at  the  distance 
of  the  components  of  Algol.  The  curve  is  the  same  for  both 
minima.  The  two  smooth  line  curves  were  computed  on  the 
same  hypothesis  as  above,  with  the  exception  that  surface  in. 
tensity  of  one  of  the  stars  is  twice  that  of  the  other.  The  tran- 
sits  are  supposed  to  be  central  in  each  case  and  the  diameters 
1,060,000  miles.  The  sharp  points  of  the  curves  at  minima  can  be 
rounded  off  either  by  assuming  atmospheres  or  by  supposing  the 
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Pifl.  8.  LicKT-ccRVB  UP  Equal  Stars  in  Tangekcv,  and  op  P  V,\hje. 
eclipses  to  be  only  partial.  The  symmetry  of  the  curve  before 
and  after  minimum  may  be  destroyed  either  by  eccentricity  of 
the  orbits  of  the  stars  or  by  elongation  of  the  bodies  themselves, 
provided  that  elongation  be  not  exactly  parallel  to  the  line  join- 
ing their  centers.  In  Fig.  8  the  smooth  curve  represents  the  light 
variation,  during  an  entire  revolution,  of  two  stars  of  equal  in- 
tensity of  surface  illumination  and  equal  diameters,  revolving 
tangent  to  each  other.  This  is  an  impossible  case,  for  the  mu- 
tual attractions  of  the  two  bodies  would  destroy  their  spherical 
figure  and  cause  the  contiguous  portions  to  merge,  forming  fig- 
ures perhaps  like  the  ellipsoid  of  Jacobi,  the  dumb-bell  or  the 
apioid  of  Poincare,  figures  which  have  been  shown  to  be  of  at 
least  temporary  stability  of  equilibrium".  The  curve  bears  so 
*  See  PopVLAR  Astronomy,  Vol.  Ill,  pp.  489-519. 
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mach  resemblence  however  to  the  curve  of  p  Lyrae,  which  I  have 
drawn  as  the  dotted  line  in  the  same  Figure,  that  it  would  seem 
that  by  proper  assumptions  as  to  the  forms,  distance,  intensity 
and  atmospheres  of  the  two  components,  the  variations  of  that 
star  and  all  of  its  class  might  be  represented  on  the  eclipse 
theory.  In  this  class  of  variables  the  light  change  is  not  confined 
to  a  relatively  short  portion  of^the  period,  near  minimum,  but  is 
continuous  throughout  the  whole  period.  This  would  be  the  re- 
sult with  the  Algol  variables  if  the  components  should  be  near 
enough  together  for  their  atmospheres  to  blend. 

Dr.  Chandler  has  shownt  that  the  period  of  Algol  is  variable, 
having  decreased,  with  several  fluctuations,  up  and  down,  from 
2*  20'' 48"  58V0  to  2"  20"  48"  51M  during  the  last  century. 
He  attempts  to  account  for  this  change  by  the  attraction  of  a 
second  dark  body  in  the  system,  and  is  inclined  from  his  study  of 
the  problem  to  regard  the  mass  of  this  second  companion  as 
greater  than  that  of  the  bright  star.  We  should  thus  have  the 
anomaly  of  a  bright  satellite  revolving  about  a  dark  primary 
body,  which  is  certainly  a  very  interesting  cosmological  problem, 
much  as  we  may  doubt  its  possibility.  Prom  an  investigation 
of  the  proper  motion  of  Algol,  Dr.  Chandler  thinks  he  has  found 
evidence  of  this  orbital  motion  of  the  bright  star,  and  that  its 
period  is  about  131  years  and  the  semimajor  axis  of  the  orbit 
1".33.  There  are  also  slight  indications  of  disturbances  by  still 
other  hypothetical  dark  companions,  in  other  words  perhaps  of 
&  complex  planetary  system  akin  to  the  solar  system.  M.  Tis- 
serand,  however,  denies  the  necessity  of  assuming  the  dark 
primary  body  and  shows  that  the  observed  change  of  period  can 
be  accounted  for  by  the  attraction  of  a  smaller  dark  body,  if  one 
or  both  of  the  close  companions  are  flattened  by  rotation.  His 
theory  also  requires  the  presence  of  the  third  member,  and  pos- 
sibly more,  of  the  system. 

Similar  irregularities  in  the  length  of  period  are  found  In  the 
case  of  several  others  of  the  Algol-type  variables,  and  suggest 
the  same  explanation,  so  that  we  may,  perhaps,  naturally  con- 
clnde  that  motions  like  those  shown  to  exist  in  the  case  of  Algol, 
and  furnishing  evidence  of  complex  planetary  systems,  some- 
what similar  to  that  of  the  Sun,  are  not  rare  exceptions  but  pos- 
sibly the  rule  in  the  stellar  universe. 

There  is  another  irregularity  in  the  light  changes  of  certain  of 
these  stars,  however,  which  seems  more  difficult  of  explanation 

See  also   Poplt.ab 
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and  almost  fatal  to  the  sateUite  theory.  That  is  well  shown  in 
the  light  carve  of  U  Ophiachi  in  Fig.  9;  a  distortion  of  the  cnrre 
shortly  after  minimum,  dae  to  something  which  checks  the  re- 
covery of  light  for  a  time.  This  retardation  is  so  slight  that,  if 
it  were  noticed  in  one  star  or  by  one  observer  alone,  it  might  be 
regarded  as  dae  to  some  faalt  in  the  observing.  Bat  it  seems  to 
be  characteristic  of  several  of  the  Algol  stars  and  Chandler 
speaks  of  noticing  the  same  tendency  in  Algol.  It  must,  there- 
fore, be  taken  into  account  in  any  theory  which  is  to  explain  the 
changes  of  these  peculiar  stars. 
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Pic.  8. 

In  order  to  obtain  any  idea  of  the  absolute  masses  of  the  bod. 
jes,  we  mast  know  their  actaal  distances  or  parallaxes  and  the 
elements  of  their  orbits.  Rough  approximations  to  their  maxi- 
mum densities,  however,  as  compared  with  the  Sun,  may  be  ob- 
tained even  when  these  are  lacking,  from  the  data  of  the  tight 
variations.  Assuming  the  law  of  gravitation  to  be  the  same  in 
other  systems  as  in  our  own,  when  two  bodies  have  satellites, 
the  ratio  of  their  masses  is  determined  by  the  proportion* 


Af+j 


:  M,  +  m,  ::  -j  :  -^ 


(10) 


in  which  Af  and  M,  are  the  masses  of  the  primary  bodies,  tn  and 
ai,  the  masses  o\  the  satellites,  r  and  r,  the  distances  of  the  satel- 
lites from  their  respective  primaries,  and  t  and  h  their  periodic 
times.    From  this 

*  YonDg'i  General  Astroooiay.  p.  342. 
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M,  -f  m,  _  t*  r,' 
M  +  m        t,'  H' 


(11) 


Adoptiog  tlie  mass  of  tbe  Son  as  unity  and  oegkctiag  that  of  the 
Earth,  since  it  is  insignificant  in  comparison,  expressing  the  time 
in  nnits  of  a  year,  and  taking  the  Earth's  mean  distance  from  tbe 
Son  as  93,000/X)0  miles,  we  have 

^■+°''  =  ..-(93.000,000)-  <"> 

Since  the  density  of  a  body  is  its  mass  divided  by  its  volume,  the 
density  of  a  star  and  that  of  the  Sun  will  be  in  the  proportion  of 
their  masses  divided  by  the  cubes  of  their  diameters,  or 

~fl^     ^r  (13) 

where  <$»  is  the  density  of  tbe  star,  <$.  I^at  of  the  Sun,  b  and  s 
their  diameters  and  Ma.  and  Af  their  respective  masses.  In  units 
of  the  San's  mass  and  density 

tf.-4Af.  (14) 

a'  *     ' 

If  S  represent  the  average  density  of  the  two  components  of  a 
binary,  whose  diameters  are  a  and  6 

■»  =  ;r^.(Af.+  Mb).  (15) 

Substituting  the  second  member  of  eqaation  (12)  for  (Af,  +  Afb ) 
and  866,400  miles  for  s,  we  obtain 


,J 


866,400 


.93,000,000^  r,'  _  (0.0093)'  r,'  (16) 

(a'  +  (f)  (,'  («'  +  b')  ■ 

Evaluating  (16)  for  Algol,  taking  Vogd's  dimensions  of  the  s;s< 
tern,  we  get 


(0.0093)'  (3,230.000)' 


'  68.81  ^'  -U.^«W, 


that  is,  the  average  density  of  the  components  of  Algol  is  only 
one  qaarter  of  that  of  the  Sun. 

If  we  should  include  the  atmospheres  in  the  volumes  of  the 
stars,  which  is  what  we  must  do  when  we  have  no  other  data 
than  the  light  curve,in  the  case  of  Algol  a'  +  6'  would  be  (1,562,- 
000"  +  1,218,000*)  and  we  should  obtain  8  =  0.078. 

In  formula  (16)  let  a  =  pvi  and  b  =  gr,.    Then 
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i  = 

(0.0093)' 

WiP'  +  g-y 

(17) 

The  values  of  p  and  q  may  be  found  from  the  light  - 
of  the  star.    In  Fig.  1 

rariations 

B,D^l{a 

+  b) 

=  r,  sin  i  S,AB, 

=  r,  shi  --, 

and 

-6) 

=  r,  sin  ^B^B, 

in  which  t,  is  the  total  period  of  the  variable,  d  is  the  duration  of 
the  change  of  light,  and  c  is  the  period  during  which  the  light  re> 
mains  constant  at  minimum.    Adding  and  subtracting,  we  have 

(.    nd  ,     .     nc\ 
sin  - — I-  sin  -~  1 

.            I  .     nd  nc\ 

b  =  Vi  Ism sin  —I. 

Dividing  by  r„ 

(.    ad  ,     .     itc\ 
sin  - — I-  sin  —  I, 

(18) 

(nd        .    TC\ 
sin  —  -  sin  — I 

If  the  star  has  no  interval  of  constancy  at  the 
zero  and  p  and  g  are  equal.    Formula  (17)  then  becomes 
g_   (0.0093)' 
2t.»sin'';^ 

and  if  we  express  t,  and  d  in  hours  instead  of  years 
,  _  (0.0093)' X  24'  X  365.25"  _       30.9 


2£i*  sin'  —  t,^  sin'  ---  ^      ' 

This  will  give  Mr.  Russell's  formula  if  we  multiply  it  by  1.39, 
the  density  of  the  Sun  in  units  of  the  density  of  watfcr. 

If  p  and  g  are  unequal  we  may  obtain  maximum  estimates  of 
the  densities  of  the  individual  stars  in  the  following  n 

Dividing  equation  (14)  by  (15) 

(J» :  rf  =  (a*  +  6')  Af. :  a"  (Jlf.+  Aft ) 

a'  \M,  +  Mb/ 
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and  sabstitatiag  for  S  its  value  from  (16)  and  cancelling  ri,  as  in 
(17) 

.        (0.0093)"  /       Af.        \ 

''=-irir  (e+7s)  (20) 

In  like  manner 

_  (0.0093)-  /       Ml,        \  ■ 

*»-        ^t,'     U.+  AfJ  (21) 

Now  the  fractious  ,,    ,'■,  ■  and  . .     . ** .^—  must  always  be 
Af«  +  Mb  Mb  +  Mb  ■' 

less  thao  unity,  no  matter  how  small  one  of  the  masses  may  be, 
and  if  one  of  these  fraction  approaches  onity  the  other  must  ap- 
proach zero.  If  the  masses  are  equal  the  two  fractions  each  be- 
come equal  to  Vit.  Hence  if  we  substitute  unity  for  the  6nal 
factors  in  equations  (20)  and  (21)  we  shall  have  as  maximum  ex- 
pressions for  the  densities  of  the  component  stars, 
(0.0093).  ^„^  (0.0093). 

These  are  Mr.  Roberts'  formulae,  except  that  he  has  0.0092  in- 
stead of  0.0093  in  the  numerators  of  the  expressions. 

If  in  these  formulae  we  express  £,  in  hours  instead  of  years 
they  will  be  a  little  more  convenient  for  use.    We  have  then 

.    _    61.8     ^     .  .    _     61.8  .„„. 

^^  -  -^if  ^°^  *"■  -  -^'^  <^^' 

which  correspond  with  (19). 

As  an  example  of  the  working  of  the  formulae  let  us  take  X 
Carinae,  which  Mr.  Roberts  finds  to  vary  very  regularly.  It  is 
constant  for  6^/^  hours  at  7.8  magnitude,  declines  in  3>4  hours  to 
S^.e  and  recovers  in  314  hours.  As  there  is  no  constant  period 
at  maximum  and  the  fall  is  just  0.8  magnitude  or  one-half  the 
total  light,  we  may  consider  this  as  a  binary  of  two  equal  com- 
ponents, the  total  period  being  26  hours  with  equal  minima  at 
equal  intervals.  We  have  then  t,  =  26",  c  =  0,  d  =  6.5,  whence 
p  =  0.707andg  — 0.707. 

Therefore,         6.  =  -^JJ {- J^--)  =  0.259  (^-^^-) 

'  ^        p%'  VMb  +  Mb  /  VM,  +  Mb  / 

q'ti*  \Ma  +  Mh  /  \Ma+  Mb  / 

or,  if  the  masses  be  assumed  equal,  the  densities  of  both  stars 
equal  0.130  of  the  Sun's  density. 

A  most  remarkable  result  is  obtained  in  the  case  ol  S  Velorum, 
a  southern  star.the  normal  magnitude  of  which  is  7.8,  but  which 
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sinks  at  minimnm  to  9.3  and  remains  constant  at  the  minimum 
for  61^  hours.    The  elements  of  its  variatioo  are 

Total  period 5  22  24  23 

Descending  period 4  10  0 

CoiiBtant  at  mimmum fi  30  0 

Ascendiof;  period 4  10  0 

It  is  evident  that  the  fainter  star  is  larger  than  the  brighter  one 
and  thus  totally  eclipses  the  latter  for  6</^  hours.  There  ought 
to  be  a  noticeable  secondary  minimum,  but  Mr.  Roberts  makes 
no  reference  to  any  observations  of  it.  If  the  orbit  be  circular 
we  have 

U  =  142".4l        rf  =  14".63        c  =  e^.SO 

p  =  sin  18''.4  +  sin  S'^.2  =  0.46  (for  faint  star). 

q  =:sin  IS".*  — sin  S^.S  =  0.14  {for  bright  star). 

rf,  =  ?1A  =  0.03  (for  faint  star). 

St,  =  ^-fi=  0.61  {for  bright  star). 

Thus  the  maximum  limit  for  the  density  of  the  faint  star  is  only 
one-thirtieth  that  of  the  Sun. 

Considering  the  orbit  as  possibly  elliptic  Mr.  Roberts  finds  the 
following  expressions  for  the  densities,  letting  e  equal  the  eccen- 
tricity and  S  the  angle  between  the  line  of  apsides  and  the  Hne  of 
sight: 

Density  of  bright  star  =  0.61  Ml  — e*     V 
Vl  +  ecosfff 

Density  of  faint  star  =  0.031  M-^  ~  ^ V 

\l  +  ecos«/' 

"  The  relation  between  the  diameters  of  the  stars  and  the  axis- 
major  of  the  orbit  precludes  a  higher  eccentricity  than  0.5,  for 
any  greater  value  would  mean  collision  ac  periastron  passage. 
Also  it  is  evident  that  the  greatest  value  of  the  density  is  ob- 
tained when  S  =  180°.  Considering  now  the  value  of  the  eccen- 
tricity to  be  the  greatest  possible;  and  eclipse  to  take  place  at 
periastron,  then  the  greatest  possible  values  of  the  densities  of 
the  two  stars  become 

Bright  Btar       3.17 
pBiDtstar         0.16. 

That  both  these  values  are  far  too  great  is  certain.  They  as- 
sume a  high  eccentricity.  The  regularity  of  the  light  curve  is 
directly  against  this  assumption.  They  assume  a  value  of  the 
mass  of  either  star  infinitesimally  small.  But  with  CTcry  possi- 
ble combination  of  mass,  position  in  orbit  and  eccentricity,  the 
density  of  the  faint  star  is  still  exceedingly  small." 
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The  Rutherfdrd. 


Thb  Repsolo. 
Popular  Astronomy,  No,  73, 
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THE  RUTHERFURD  PHOTOGRAPHS. 


Photography  claims  the  respectable  age  of  twenty  decades, 
though  astronomical  interest  in  its  development  took  a  practical 
turn  only  at  the  beginning  of  the  last  six  of  the  twenty.  When 
the  experimenters  were  at  a  loss  to  find  a  solvent  for  the  salts  of 
silver  on  the  undarkened  portion  of  their  plates  which  would  at 
the  same  time  leave  untouched  the  darkened  parts,  Sir  John  Her- 
schel  led  them  oat  of  their  difficulty  by  suggesting  the  use  of 
hypo-sulphite  of  soda  for  the  double  purpose  of  fixing  and  clear- 
ing. The  suggestion  proved  valuable  and  the  obstacles  which 
had  hindered  the  development  of  photography  practically  disap- 
peared. The  substitution  of  glass  as  a  support  for  the  sensitizing 
salts  and  the  adoption  of  collodion  as  a  medium  to  hold  the 
chemicals  upon  the  glass  plate  rendered  the  success  of  photog- 
raphy assured.  The  modern  "dry  plate"  has  been  evolved  of 
late  years  but  the  old  collodion  or  "wet  process"  gave  exceed- 
ingly fine  results. 

If  Sir  John  the  chemist  made  the  suggestion  which  helped  so 
much  the  material  development  of  the  new  art.  Sir  John  the  as- 
tronomer was  equally  quick  to  realize  the  advantage  of  this  aid 
to  progress.  He  advised  the  use  of  the  sensitive  plate  for  the  self- 
registry  of  Sunspots  and  lived  long  enough  to  see  photography 
bid  fair  to  outrival  the  slower  and  less  reliable  method  of  eye  ob- 
sevation  of  objects  to  which  it  is  adapted.  Before  his  death  many 
photographs  had  been  taken,  not  only  of  the  Sun  and  Moon,  but 
also  of  the  stars  and  star  spectra. 

Among  those  who  entered  with  enthusiasm  upon  the  new  lines 
of  investigation  was  a  young  man  of  New  York,  Lewis  M.  Ruth- 
erfiird.  By  a  fortunate  combination  of  circumstances,  just  when 
photography  became  serviceable,  he  was  enabled  to  give  up  his 
law  practice  and  devote  his  whole  energy  to  scientific  investiga- 
tion. During  his  course  at  Williams  College,  he  had  given  much 
time  to  chemistry  and  physics  and  shown  also  great  mechanical 
skill.  He  accordinglj-  planned  his  work  along  these  lines,  spent 
several  years  in  study  and  travel  in  Europe,  and  returned  home 
with  the  intention  of  devoting  himself  to  astronomical  and 
optical  investigation.  He  built  an  Observatory  in  the  garden  of 
his  home  and  began  the  work  which  he  continued  for  twenty 
years  and  which  made  his  name  well  known  in  the  scientific  cir- 
clcs  of  Europe  and  America. 
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Mr.  Rutherfurd  was  obliged  to  construct  bis  own  instruments. 
While  engaged  in  spectroscopic  work,  he  devised  a  ruling  engine 
which  produced  interference  gratings  unequalled  until  Professor 
Rowland's  ruled  surfaces  appeared.  In  the  investigation  of  star 
spectra  Mr.  Rutherfurd  discovered  the  amount  of  correction 
necessary  to  convert  an  achromatic  object  glass  into  a  photo- 
graphic lens.  By  means  of  this  discovery,  he  constructed  a  large 
photographic  telescope  of  eleven  inches  diameter,  and  later  a  still 
larger  one  of  thirteen  inches.  From  the  timeof  the  completion  of 
bis  first  telescope,  Mr.  Rutherfurd  was  indefatigable  in  his  astro- 
nomical  activity.  He  used,  of  course,  the  wet  plate  process  and 
became  expert  in  the  delicate  manipulations  necessary  to  ensure 
sharp  negatives  full  of  detail.  His  photographs  of  the  Moon,  es- 
peciallv,  are  scarcely  surpassed  in  their  exquisite  definition  even 
by  the  modern  appliances  of  the  great  Observatories  of  today.  In 
tbe  twenty  years  of  his  photographic  activity  he  took  a  large 
number  of  plates  of  the  Sun,  Moon,  star  groups  and  spectra,  and 
received  many  acknowledgements  of  their  excellence.  He  had  the 
satisfaction  of  seeing  his  long  labor  appreciated  by  the  scientific 
world  and  realized  that  the  success  of  his  work  had  much  to  do 
with  the  practical  development  of  astronomical  pbotogra^hy. 
He  was  firmly  convinced  of  its  value  and  labored  unweariedly  to 
prove  its  excellence.  He  originated  the  method  and  introduced 
its  practical  working ;  he  devised  and  constructed  the  first  meas- 
uring micrometer  for  photographs  and  caused  a  large  number  of 
measures  of  his  plates  to  be  executed  in  his  study  under  his  own 
sopervision.  When  his  health  failed,  be  carried  the  machine  and 
plates  and  measurer  with  him  to  the  south,  that  the  work -which 
he  had  planned  should  not  be  interrupted.  In  the  year  1890,  he 
gave  to  Columbia  University  nearly  fifteen  hundred  of  his  finest 
negatives  together  with  his  telescope,  measuring  micrometer  and 
entire  Observatory  equipment.* 

Through  the  courtesy  of  Professor  Rees,  Director  of  the  Obser- 
vatory, a  photograph  of  the  Rutherfurd  measuring  micrometer 
and  of  the  modem  Repsold  machine  accompany  this  article. 
The  essential  parts  of  both  machines  consist  of  a  microscope  mi- 
crometer, a  graduated  circle  and  a  graduated  scale.  In  the 
Rutherfurd  machine  a  second  microscope  is  rigidly  attached  to 
the  frame  of  the  first  for  the  purpose  of  reading  the  scale  when 
the  micrometer  threads  of  the  first  microscope  are  bisecting  a 
star.    The  two  microscopes  move  parallel  to  each  other  along 

•  Lewi*  M.  Rntherfurd,  by  John  K.  Rees,  Astroaowy  Rod  Astro  Pbyaka,  Oct., 
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the  length  of  the  plate,  but  a  transverse  motion  in  its  frame  is 
also  possible  to  the  first  microscope,  thus  allowing  it  to  move 
across  the  plate  as  well  as  lengthwise.  By  this  device,  any  star 
on  the  plate  may  be  brought  under  the  micrometer  threads.  The 
plate  rests  upon  a  glass  circle  and  the  circle  upon  three  levelling 
screws.  When  the  glass  circle  is  rotated,  the  plate  is  carried 
around  with  it.  Outside  the  glass  circle  is  a  fixed  graduated  sil- 
ver circle  read  by  a  microscope  which  records  the  position  angles 
from  the  central  star.  The  plate  is  set  into  the  machine  in  such 
a  position  that  the  central  star  will  remain  under  the  microscope 
when  the  plate  is  rotated.  The  scale  reading  is  noted  for  the  cen- 
tral star  and  the  micrometer  is  then  moved  over  any  other  star, 
the  scale  microscope  recording  the  reading  for  the  second  star 
also.  The  difference  of  the  readings  gives  the  distance  between 
the  stars.  Although  the  machine  will  permit  the  measurement  of 
either  rectangular  or  polar  coordinates,  Mr.  Rutherfurd  preferred 
the  latter  and  all  the  measures  made  under  his  supervision  are  in 
the  form  of  distances  and  position  angles  from  the  central  star. 
The  distances  are  obtained  as  just  described,  but  to  find  the  po- 
sition angle  it  is  necessary  to  know  the  "  zero  of  position  "  as  the 
point  is  called  from  which  the  angles  are  measured.  This  is  de- 
termined by  Mr,  Rutherfurd's  method  of  exposing  the  plate.  He 
took  two  impressions  of  all  the  stars  and  three  impressions  of 
the  brighter  ones.  After  the  first  impression  was  made,  he 
screened  the  plate  from  the  starlight  and  moved  the  telescope 
slightly  westward,  thus  throwing  the  second  impression  east  of 
the  first.  When  this  second  impression  was  completed,  the  clock 
was  disconnected  from  the  telescope  and  the  stars  were  allowed 
to  pass  across  the  plate,  the  bright  ones  leaving  a  fine,  black  line 
to  record  their  course.  It  required  a  very  bright  star  to  trace 
this  line  which  extended  from  the  eastern  image  back  through 
the  western  and  across  the  plate  to  the  third  image;  for  when 
the  stars  had  approached  the  edge  of  the  plate,  the  clock  was 
again  started  and  the  telescope  was  held  long  enough  to  permit 
the  brighter  stars  to  leave  a  third  impression.  This  last  image 
was  called  the  "trail"  and  marked  the  direction  of  increasing  , 
right  ascension,  thus  giving  the  needed  "zero  of  position  "  for  the 
angles.' 

Mr.  Rutherfurd's  custom  of  placing  a  known  star  in  the  centre 
of  bis  photographic  plate  was  one  of  the  best  evidences  of  the  ex- 
cellence of  his  method.  For  the  fundamental  problem  in  the  re- 
:.  A.  Gould.    Hat.  Acad,  of 
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duction  of  photographic  measures  is  to  deduce  the  right  ascen- 
sion and  declination  of  the  stars  in  the  sky  from  their  measured 
coordinates  on  the  plate.  This  requires  that  the  position  of  the 
origin  of  coordinates  should  be  known.  This  origin  coincides 
with  the  foot  of  the  perpendicular  let  fall  from  the  optical  centre 
of  the  object  glass  upon  the  plate.  The  photographic  plate  is  a 
plane  surface  and  upon  it  is  projected  that  portion  of  the  celes- 
tial sphere  represented  by  the  stars  which  dot  the  surface  of  the 
photograph.  The  plate  may  be  regarded  as  a  tangent  plane, 
and  the  point  on  the  plate  which  represents  the  point  of  tan- 
gency^is^the  foot  of  the  perpendicular  let  fall  from  the  centre  of 
the  object  glass.  Mr.  Rutherfurd  so  adjusted  his  plate  in  the 
holder  that  the  image  of  the  central  star  should  He  approxi- 
mately at  the  foot  of  this  perpendicular.  And  as  he  always  se- 
lected for  the  central  star  one  which  is  well  known,  the  position 
of  the  origin'of  the  coordinates  was  thus  determined. 

The  modern  Repsold  measuring  machine  differs  from  the 
Rutherfurd  only  in  its  details.  The  photograph  of  the  Repsold 
shows  a  plate  in  the  machine  in  position  for  measurement.  One 
of  the  three  legs  of  the  machine  has  been  removed,  allowing  the 
frame  to  fall  forward  until  it  rests  uponits  edge,  thus  placing  the 
plate  at  an  angle  to  the  plane  of  the  supporting  table,  in  which 
position  it  is  more  conveniently  measured.  Instead  of  moving 
the  measuring  micrometer  both  longitudinally  and  transversely 
as  in  the  Rutherfurd  machine,  the  longitudinal  motion  is  com- 
municated to  the  plate  itself  by  means  of  the  large  screw 
of  the  machine  which  moves  the  plate-carrying  casting 
along  a  guiding  cylinder.  The  microscope  moves  transversely 
along  a  carriage  at  right  angles  to  the  cylinder  and  parallel  to 
the  scale.  By  means  of  these  two  motions  any  star  on  the  plate 
may  be  brought  under  the  micrometer  threads  and  its  position 
noted^by  the  scale,  the  difference  of  the  scale  readings  for  the 
star  and  the  central  star  giving  its  distance  from  the  latter. 
One  microscope  reads  both  the  star  and  the  scale,  as  the  lever 
lifts  the  microscope  through  a  small  angle.  After  setting 
the  micrometer  threads  upon  a  star,  the  micrometer  is  turned 
upon  the  scale  by  means  of  this  small  angular  motion  and  the 
distance  of  the  star  from  the  nearest  division  of  the  scale  is 
measured  directly  by  the  graduated  head  of  the  micrometer 
screw.  In  either  rectangular  or  polar  coordinates,  the  distances 
are  measured  in  this  manner,  but  the  position  angle  from  the 
central  staj  is  obtained  from  the  reading  of  the  graduated  circle 
on  the  outer  edge  of  the  casting  which  carries  the  plate.    In   the 
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Repsold  machine  the  orientation  of  the  plate  is  a  simpler  process 
than  that  described  above  for  the  Rutherfurd.  By  means  of  the 
slow  motion  screw  the  plate  is  moved  until  both  the  central  star 
and  its  trail  will  remain  under  the  micrometer  threads  during  a 
motion  of  the  plate  along  the  cylinder.  By  turning  the  gradu- 
ated circle  ninety  degrees  and  clamping  the  plate  in  this  position, 
the  direction  of  increasing  right  ascension  is  found  to  be  very 
nearly  parallel  to  the  scale.  It  will  not  be  exactly  parallel,  ow- 
ing to  the  diurnal  motion  of  the  star  during  the  exposure  of  the 
plate,  the  size  of  the  small  angle  between  the  two  depending  on 
the  declination  of  the  star.  After  the  circle  reading  is  corrected 
for  this  small  angle,  the  central  star  will  then  lie  approximately 
at  the  origin  of  the  coordinates,  the  positive  axis  of  X  will 
point  toward  the  east  and  the  positive  axis  of  Y  toward  the 
north ;  the  final  small  correction  necessary  to  place  the  origin  at 
the  foot  of  the  perpendicular  let  fall  from  the  centre  of  the  object 
glass  is  found  later  by  a  least  square  solution  from  the  measures 
themselves. 

Mr,  Rutherfurd's  gift  of  bis  instruments  to  the  university  was 
accompanied  by  the  volumes  containing  the  measures  which  he 
had  caused  to  be  executed.  Most  of  these  were  as  yet  unre* 
duced.  As  early  as  1865,  however,  he  had  prevailed  upon  his 
friend.  Dr.  Benjamin  A.  Gould,  to  take  sufficient  time  from  the 
duties  of  an  active  professional  life  to  enable  him  to  reduce  some 
of  the  measures  in  order  to  test  the  accuracy  of  the  photographic 
method.  Dr.  Gould  selected  for  this  purpose  the  measures  of  the 
gronp  of  the  Pleiades,  being  influenced  to  this  choice  by  the  fact 
that  a  heliometer  determination  of  their  relative  positions  had 
been  made  by  Bessel.  The  accuracy  of  these  heliometer  positions 
wrould  give  a  severe  test  of  the  photographic  reduction. 

In  the  selection  of  the  formulas  for  t^ese  reductions.  Dr.  Gould 
followed  the  genera!  outline  for  the  reduction  of  heliometer  meas- 
ures." He  wished  to  consider  also  in  his  discussion  the  sources  of 
possible  errors,  such  as  a  motion  of  the  collodion  film  by  shrink- 
age or  expansion,  the  effect  of  irregularity  in  the  motion  of  the 
clockwork  guiding  the  telescope,  the  distortion  of  the  images 
near  the  edge  of  the  field,  and  the  errors  of  measurement  caused 
by  the  different  aspects  of  the  stars  in  different  positions  of  the 
plate  in  the  measuring  machine,  inasmuch  as  the  images  varv  in 
density  and  it  is  difficult  for  the  eye  to  select  the  exact  centre.  At 
the  time  of  Dr.  Gould's  discussion  the  method  was  new  and  some 
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fear  was  felt,  especially  in  the  matter  of  durability,  lest  the  pho- 
tographic  plate  would  hold  its  usefulness  for  only  a  compara- 
tively short  period.  But  Dr.  Jacoby  has  shown,  by  a  remeasure- 
ment  and  discusBion  of  some  of  the  Pleiades  plates  twenty  years 
after  the  photographs  were  taken,  that  the  film  does  not  deteri- 
orate from  age  and  its  records  may  therefore  be  relied  upon." 
In  the  formulas  of  reduction.  Dr.  Gould  considered  the  rela- 
tions of  the  parts  of  the  spherical  tri- 
angle formed  upon  the  sky  by  the  north 
pole,  a  star,  and  the  point  in  the  sky 
corresponding  to  the  centre  of  the  plate. 
In  Figure  2,  PS  is  the  polar  distance  of 
the  star,  FC  is  the  polar  distance  of  the 
point  corresponding  to  the  centre  of  the 
plate,  CS  is  the  distance,  '/,  of  the  star 
from  C,  the  angle  SPC  is  the  difference 
in  right  ascension  between  the  star  and 
the  centre,  and  the  angle  PCS  is  the  po- 
sition angle,  ft,  of  the  star. 

In  the  plane  triangle  considered  in  Figure  1 ,  PO 
tion  of  the  meridian  PC.  OS  is  the  projection 
of  the  distance  »;.  POS'is  the  position  angle 
'  fi  which  remains  iinchanged  since  PC  and  CS, 
being  arcs  of  great  circles  are  projected  upon 
the  plane  surface  as  straight  lines  which  are 
the  tangents  of  the  circles;  OL  andS/-  arc  the 
measured  x  and  y  of  the  star  upon  the  plate. 
Then,  considering  the  ordinary  trigonomet- 
rical formulas  of  the  spherical  triangle,  from 
Figure^l^'X/    '^. 

sin  ;/  sin  fi  =  cos  S'  sin  (o'  —  «) 

sin  tf  cos  f  =  cos  *  sin  6'  —  cos  S'  sin  S  cos 

cos  1/  =:  sin  iJ  sin  S'  +  cos  S  cos  S'  cos 


and  from  Figure  ^,)  I 


J 
whence  x 


-  tan  Tf  sin  fi 

-  tan  rf  cos  fi 


s  tf  cos  6'  cos  («'  —  a) 
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_  cos  S  sin  S'  —  cos  S'  siti  S  cos  (a'  —  a) 
"  sin  S  sin  S'  +  cos  S  cos  6'  cos  (a'  —  a) 
From  these  equations  the  approximate  values  of  («' — a)  and 
(rf' —  rf)  may  be  obtained  in  terms  of  x  and  y  which  have  been 
measured  upon  the  plate,  or  in  terms  of  distance  and  position  an- 
gJe  if  they  are  preferred.  Rigorous  values  of  (a'  —  a)  and  {S'  —  6) 
may  be  derived  from  these  same  equations  by  expansion  into  a 
series  of  ascending  powers  of  x  and  j'. 

These  formulas  of  Dr.  Gould  are  identical  with  the  modern 
formulas  of  Sir  Robert  Ball  and  Dr.  Arthur  Rambaut  with  the  ex- 
ception of  the  factor  r  which  is  the  radius  of  the  sphere  to  which 
the  plate  is  tangent,  r  being  equal  to  the  equivalent  focal  length 
of  the  telescope.*  The  reduction  to  the  final  form  for  logarithmic 
computation  differs  in  the  latter  also  from  that  of  Dr.  Gould,  but 
his  satisfactory  results,  when  compared  with  Bessel's  heliometer 
determination  of  the  Pleiades  positions,  speak  well  for  both  the 
Rutherfurd  photographs  and  the  method. 

In  the  reductions,  the  measures  are  first  freed  from  instru- 
mental errors  depending  upon  the  division  errors  of  the  scale, 
errors  of  the  micrometer  screw  and  runs.  Upon  every  plate  are 
a  few,  at  least,  known  stars.  After  correcting  the  measures  for 
refraction  and  multiplying  the  measured  coordinates  by  the  scale 
value  in  seconds  of  arc,  the  corrected  coordinates  will  agree  very 
nearly  with  the  differences  obtained  by  subtracting  the  cata- 
logue position  of  the  central  star  from  that  of  each  of  the  other 
known  stars.  The  diTFTence  is  caused,  aside  from  the  errors  of 
observation,  by  the  fact  that  the  origin  does  not  lie  exactly  at 
the  foot  of  the  perpendicular,  by  the  inexact  orientation  of  the 
plate,  by  a  possibly  incorrect  scale  value,  etc.  All  these  errors 
are  small  and  by  a  comparison  of  the  measured  positions  of  the 
known  stars  with  those  deduced  from  the  catalogue,  a  series  of 
equations  of  condition  is  formed  whose  solution  will  give  the 
needed  corrections  to  these  quantities.  The  measured  coordi- 
nates of  the  unknown  stars  are  then  multiplied  by  these  cor- 
rected values  of  the  scale,  orientation,  etc.,  and  from  these  cor- 
rected coordinates  are  deduced  the  final  differences  of  right  as- 
censions and  declinations. 

The  photographic  plate  gives  the  relative  positions  of  the  stars 
as  they  appear  at  the  moment  when  the  photograph  is  taken. 
As  the  same  region  of  the  sky  is  photographed  on  different  dates, 

*  Relalive  poiitions  of  223  stars  in  tbe  clDiter  nf  x  Persei  aa  determined  pho- 
toirrapfaicallT,  Sir  Robert  Ball.  LL.  D.,  F.  R  S.,  nnd  Artbar  A.  Rambaot,  M.  A., 
D.  Sc.    Traaa.  Royal  Iriafa  Acad.  Vol.  XXX,  pt.  IV. 
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tfae  right  ascensions  and  declinations  deduced  from  each  plate 
must  be  referred  to  the  beginning  of  some  selected  year,  usually 
the  year  of  the  plate  or  the  middle  year  of  the  series,  in  case  the 
photographs  extend  over  several  years.  To  refer  the  stars  to 
this  selected  epoch,  a  correction  tor  aberration  must  be  applied 
to  the  apparent  right  ascensions  and  declinations  given  by  the 
plate  to  reduce  them  to  the  true,  and  a  further  correction  for 
nutation  and  precession  to  reduce  them  to  the  mean  right  as- 
censions and  declinations  at  the  beginning  of  the  year  of  the 
plate.  To  bring  these  to  the  beginning  of  another  year,  the  an- 
nual precession  is  applied  for  the  number  of  years  required.  The 
mean  of  all  the  values  reduced  to  the  same  epoch  gives  the  final 
right  ascensions  and  declinations. 

Since  Mr.  Rutherfurd's  gift  to  the  university,  many  of  the 
plates  have  been  measured  and  reduced  and  catalogues  made  of 
the  stars.  The  work  is  stiJI  going  on  but  even  with  rapid  meas- 
urement, it  will  require  years  for  the  complete  reduction  of  all 
the  star  photographs.  Before  his  death  Mr.  Rutherfurd  had  the 
satisfaction  ot  seeing  the  work  well  under  way.  He  had  the  fur- 
ther gratification  of  seeing  the  field  in  which  he  was  a  pioneer  well 
occupied  by  trained  workers.  In  1886  he  was  invited  to  attend 
the  international  conference  which  met  at  Paris  for  the  purpose 
of  considering  the  charting  of  the  entire  heavens  by  means  of  pho- 
tography. Although  prevented  by  failing  health  from  attending, 
Mr.  Rutherfurd  was  an  interested  observer  cl  the  action  of  that 
conference  and  approved  the  great  undertaking  which,  when  com- 
pleted, will  be  a  valuable  legacy  to  the  astronomers  of  future  gen- 
erations. 

Univeksity  of  Columbia, 
February  1,  1900. 


THE  STUDY  OF  ASTRONOMY.    III. 


In  the  January  issue  of  this  publication,  (p.  24),  we  referred  to 
the  lack  of  interest  manifested  by  leading  teachers  and  educators 
in  the  study  of  elementary  astronomy  and  offered  some  reasons 
why  so  general  a  view  should  prevail.  We  also  tried  to  point  out 
the  disadvantage,  if  not  harm,  that  has  arisen  from  such  an 
erronious  view. 

In  the  last  number,  (p.  75)  more  was  said  in  regard  to   this 
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same  point,  giving  a  few  illustrations  of  what  has  seemed  to  the 
writer  strong  evidence  to  sustain  the  position  taken,  and  then  be- 
gan the  reference  to  what  is  claimed  to  be  improved  methods  of 
study  and  instruction  for  college  and  secondary  schools.  We 
called  attention  to  the  usefulness  of  simple  observation  oi  some 
heavenly  bodies,  saying  that  such  work,  if  properly  arranged 
and  followed  up  by  teacher  and  student,  will  always  awaken  an 
interest  in  study  that  it  may  not  be  easy  to  secure  in  any  other 
way.  Not  only  so,  but  if  the  plan  is  persistently  followed,  and 
faithfully  used,  step  by  step,  will  surely  lay  the  foundation  of  a 
habit  of  observation  that  will  be  of  life-long  value  to  its  posses- 
sor, because  having  eyes  to  see  he  has  acquired  the  power  to 
grasp  more  than  others  when  he  looks  at  anything  worthy  of  at- 
tention. 

The  next  point  made  was  the  advantage  of  good  illustration. 
In  this  the  thought  is  that  the  student  shall  get  his  eyes  and  mind 
away  from  the  words  of  the  book,  which  is  rightly  his  guide  for 
the  statement  of  principle,  fact  or  definition;  so  as  to  get  a  differ- 
ent and  a  firmer  impression  in  mind  of  the  thing  he  is  to  compre- 
hend, without  the  necessity  of  learning  words  out  of  a  book 
which  may  not  convey  meaning  enough  in  themselves  to  hold 
them  easily. 

In  the  study  of  the  Moon  a  good  chart  is  desirable,  indeed 
necessary  for  the  best  results,  if  the  instructor  has  not  the  advan- 
tage of  a  small  telescope.  In  illustrating  the  Sun,  our  experience 
ip  the  use  of  large  photographs  has  been  very  satisfactory.  Such 
pictures  show  the  photosphere  in  detail,  so  that  there  can  be  no 
doubt  concerning  its  lack  of  continuity,  its  faculze,  its  spots,  large 
and  small,  in  their  varying  structure,  something  of  the  filaments 
of  the  penumbra,  the  bridges  of  the  umbra,  the  rotation  of  the 
Sun  from  day  to  day,  by  the  apparent  movement  of  the  spots 
across  the  disc,  the  direction  of  the  solar  axis  in  the  same  way, 
and  the  difierence  of  intensity  of  the  light  of  the  Sun  from  its  limb 
and  its  central  regions.  These  and  many  other  things  are  easily 
seen  by  inexperienced  eyes  if  the  collection  is  large  enough  to  in- 
elude  the  different  phases  of  solar  activity  that  will  cover  at  least 
one  half  of  a  rotation  period  when  the  spot  conditions  are  favor- 
able. We  have  not  yet  made  a  complete  series  of  these  pictures, 
though  we  have  prepared  enough  of  them  so  that  the  main  points 
desired  are  illustrated  and  others  have  been  easily  inferred  from 
what  could  be  seen  from  the  partial  series.  Some  teachers  have 
used  a  series  of  Sun-spot  drawings  to  some  extent,  though  no 
drawings  can  so  well  show  the  conditions  of  spots  as  is  possible 
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with  photography.  If  any  instructor  should  care  to  make  a  com- 
parisoa  of  a  series  of  such  drawings  with  photographs  that  are 
now  made  almost  daily,  those  by  Father  Sistini  and  published 
first  by  Lieut.  M.  F.  Maury,  Director  of  the  United  States  Naval 
Observatory,  in  the  publications  of  that  institution  for  the  year 
1847,  and  printed  in  1853.  They  will  be  found  in  VoJ.  Ill,  ap- 
pendix  A.  That  number  of  these  publications  and  others  preced- 
ing it  are  comparatively  scarce  and  may  not  be  easily  obtained. 
The  drawings  are  beautiful  specimens  of  art  and  the  engravings 
show  a  degree  of  skill  worthy  of  high  comra'endation.  Ihaveno 
doubt  but  that  those  desiring  copies  of  this  work  as  a  means  of 
illustration,  or  for  library  uses  might  obtain  them  at  small  ex- 
pense by  writing  to  Professor  J.  G.  Hagan,  S.  J.,  of  Georgetown 
College  Observatory,  Georgetown,  District  of  Columbia. 

A  still  more  effective  way  for  the  study  of  the  Moon  and  the  Sun 
is  by  the  aid  of  lantern  slides  under  a  strong  light.  It  may  be 
thought  too  expensive  to  provide  secondary  schools  with  a  good 
stereopticon  and  an  oxy-hidrogen  light  for  the  sake  of  illustra- 
tions in  the  department  of  science,  but  it  seems  to  us  that  it  is 
wise  economy  to  do  this,  not  only  for  the  science  work,  but  also 
because  the  same  apparatus  can  be  effectively  used  in  illustrating 
art  and  literature  studies  and  even  those  of  languageand  history. 
The  time  is  coming  and  we  hope  soon,  when  eye,  ear  and  pencil 
will  more  equally  share  in  making  mental  impressions  than  has 
been  true  in  the  past,  except  in  some  particular  branches  of  study 
more  highly  favored  in  method  than  others. 

The  lantern  slide  furnishes  the  best  means  of  study  of  the  sur- 
face of  the  planets,  because  it  is  easy  to  make  these  slides  from 
the  current,  scientific  publications  that  issue  regularly  from  the 
leading  Observatories  of  the  world,  and  the  persons  having  such 
facilities  can  certainly  know  and  get  the  very  best  information 
and  the  best  results  in  print  almost  as  soon  as  it  is  published. 

The  character  of  these  drawings  is  such  as  to  command  atten- 
tion. It  is  generally  true  that  the  best  modern  astronomical 
work  comes  from  Observatories  that  are  endowed  and  have  a 
number  of  observers  in  their  respective  organizations  who  are 
trained  men  in  special  lines.  Whenanypiece  of  work  is  completed, 
or  reaches  a  stage  of  advancement  that  knowledge  of  it  will  be 
useful  to  others,  or  of  general  popular  interest,  it  will  not  gener- 
ally be  difficult  to  secure  such  information  for  publication  in  chan- 
nels that  are  safe  for  its  dissemination.  This  has  beeq  particn- 
larly  true  of  all  recent,  astronomical  work  for  the  last  twenty 
years.  When  Schiaparelli  made  his  notable  discoveries  in  regard 
to  the  canals  of  Mars  in  1 887-8,  it  was  soon  known  from  one  end 
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of  the  world  to  the  other.  Not  long  after  a  fine  colored  map  of 
the  entire  surface  of  the  planet  was  published,  so  that  knowledge 
of  what  was  supposed  to  be  discovered  was  very  widely  known 
and  definitely  within  the  reach  of  astronomers.  The  same  was 
true  of  Professor  Asaph  Hall's  brilliant  discovery  of  the  satellites 
of  Mars  in  1877,  of  Mr.  Barnard's  matchless  victory  in  the  cap- 
ture of  Jupiter's  fifth  satellite,  of  Mr.  Lowell's  remarkable  discov- 
eries regarding  the  surface  markings  on  the  planet  Mars,  and  for 
like  astonishing  results  in  the  study  of  the  surfaces  of  the  planets 
Mercury  and  Venus. 

These  are  a  few  instances  relating  to  the  studies  of  the  Mood, 
Sun,  and  planets  which  must  interest  teachers  who  desire  to  have 
within  reach  the  latest  and  the  best  information  possible,  for  the 
work  they,  themselves,  wish  to  do  for  the  persons  or  classes  they 
are  appointed  to  instruct.  We  have  recently  published  in  these 
pages  the  fine  charts  of  the  markings  on  the  surfaces  of  the  plan- 
ets Mercury  and  Venus;  also,  within  the  last  two  years  much 
pertaining  to  the  planet  Mars,  and  good  illustrations  of  the  sur- 
face views  of  the  planet  Jupiter  by  Professor  G.  W.  Hough  of 
Dearborn  Observatory,  Evanston,  III.,  who  probably  has  done 
more  extended  and  carelul  work  in  observing  that  jilanet  than 
any  other  American  astronomer. 

Now,  i(  pr-  -fessors  in  the  colleges  and  instructors  in  the  second- 
ary schools  would  lake  up  this  matter  systematically  and  thor- 
oughly, there  can  be  no  question  regarding  the  large  results — 
very  unexpectedly  large  results — that  will  follow  such  an  under- 
taking. 

We  will  try  to  furnish  the  lantern  slides  and  the  large  photo- 
graphs as  indicated  elsewhere  in  our  advertising  pages,  as 
promptly  as  possible  after  the  wishes  of  those  desiring  them  are 
known, and  give  such  other  sources  of  information  as  we  have  to 
aid  in  carrying  out  the  plan  suggested  in  these  articles.  If  the  or- 
der for  slides  or  photographs  should  be  large,  some  delay  may  be 
necessary  to  secure  the  material,  because  we  use  only  that  which 
is  fresh  from  the  makers  and  it  takes  about  ten  dajs  to  secure 
new  photographic  supplies  from  Philadelphia  or  St.  Louis. 

We  have  been  interested  and  encouraged,  not  a  little,  in  the 
way  some  prominent  teachers  have  regarded  this  series  of  brief 
articles  so  far,  A  considerable  number  have  already  ordered  the 
first  two  volumes  of  Popular  Astronomy  at  the  low  price  of  one 
dollar  each,  to  professors  and  teachers,  for  the  purpose  of  trying 
this  plan.  We  believe  the  investment  is  a  wise  one.  Next  time 
we  will  speak  of  other  work  possibly  reaching  the  comets,  stars, 
and  the  nebulae. 
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THE  TWENTIETH  CENTURY". 

Years  ab  arbe  condita  (a,  u.  c.)  are  years  counted  out  from 
the  supposed  date  of  the  foundation  of  the  City  of  Rome.  These 
years  are  given  according  to  Varro,  the  greatest  authority  on 
that  chronology  ;  but  the  old  calendar  of  the  Romans  fitted  the 
years  like  a  bad  clock  fits  the  time.  The  calendar  was  some- 
times too  fast,  sometimes  to  slow.  Not  only  was  the  calendar  a 
bad  fit  for  the  course  of  the  years,  but  it  was  made  a  foot  ball  of 
by  political  factions,  who,  being  trusted  with  its  occasional  cor- 
rectness, sometimes  put  it  on  and  sometimes  put  it  back,  in  or- 
der to  facilitate  their  electioneering  tricks,  and  with  only  second- 
ary regard  for  keeping  the  calendar  in  beat  with  the  course  of 
the  seasons. 

Some  forty-seven  years  before  Christ,  Julius  Cffisar — the  then 
Dictator  of  Rome,  and  one  of  the  greatest  men  of  antiquity — the 
man  who  did  Britain  the  service  of  conquering  it  twice,  and 
introducing  to  it  the  Roman  language,  laws,  and  civilization — 
had  his  attention  called  to  the  vast  inconvenience  of  this  state  of 
the  Roman  calendar,  which  was  then  some  three  months  too 
fast,  and  indicated  the  time  of  spring  when  the  season  was  really 
midwinter.  He  added  some  ninety  days  to  the  calendar  for  the 
year  46  b.  c,  and  made  that  year  of  the  calendar  to  extend  over 
445  days,  which,  in  effect,  put  back  the  calendar  some  90  days. 
Julius  Cassar  then  made  the  year  45  b.  c.t  to  commence  on  the 
first  of  January,  on  the  day  of  a  new  Moon.  In  order  also  to 
make  the  calendar  keep  better  time,  he  took  up  the  odd  quarter 
of  a  day  by  making  every  fourth  year  into  what  we  now  call  a 
leap-year.  This  was  one  of  the  great  services  done  by  Julius 
Caesar  to  the  world,  and  the  calendar  thus  defined  with  a  year 
of  365  days,  but  with  every  fourth  year  of  366  days,  was  called 
the  Julian  calendar.  The  seventh  month  of  the  year  was  named 
Julius,  in  honor  of  Julius  Ceesar. 

The  precise  length  ol  the  real  year  was  not  then  known;  but 
subsequently  the  continual  revolution  of  the  seasons  showed 
that  the  Julian  calendar  was  a  little  too  slow.  This  was  be- 
cause, as  we  now  know,  the  length  of  the  year  is  365i/i  days 
minus  IV"  12".43.  Every  recurring  leap-year,  therefore,  left  the 
Julian  calendar  nearly  45'"  behind  time.  But  the  Julian  year  was 
very  nearly  the  real  year,  and  it  was  so  vast  an  improvement 
upon  the  former  calendar  that  the  years  from  the  1st  of  Janu- 
inda  in  tfae  English  Mecbtnic,  1 900.  Jan.  2S. 
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ary  of  the  first  Julian  year  (45  b.  c.)  were  regarded  as  the 
Julian  era.  Now,  the  diagram  shows  that  decade  of  Julian 
years  which  covers  the  period  from  the  end  of  the  40th  Julian 
year  to  the  end  of  the  50th,  each  year  being  indicated  by  a  space 
which  represents  the  interval  m  time  covered  by  that  particular 
year.  According  to  the  chronology  of  Varro,  the  45th  and  46th 
years  of  the  Julian  era  were  more  or  less  contemporaneous  with 
the  753rd  and  754th  years  from  the  foundation  of  Rome.  These 
years  are  indicated  in  the  diagram  by  the  two  top  numbers. 


Ab  Urbd  Condita  (Farro). 
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Nativity. 

The  end  of  the  45th  Julian  year  was  the  date  adopted  by  the 
Monk  Dionystus  Exiguua  in  the  year  a.  d.  527  as  the  commence, 
ment  of  the  Christian  era.  It  therefore  follows  that  the  45th 
Julian  year  was  the  first  year  before  the  commencement  of  the 
Christian  era,  and  that  the  46th  Julian  year  was  the  first  year 
after  the  commencement  of  the  Christian  era.  The  decade  of 
years  of  the  Jahan  era  from  41  to  50  inclusive  was  thus  contem> 
poraneous  with  the  first  five  years  before  Christ  (b.  c).  and  the 
first  five  years  after  Christ  (a.  d.).  If,  now,  the  diagram  be  con- 
sidered by  the  light  of  this  explanation,  and  the  spaces  be  re- 
garded  as  representing  the  respective  years,  it  should  be  easy  to 
see  "  what  it  is  that  we  are  talking  about." 

The  putting  in  of  the  leap-years  of  the  Julian  era  fell  into  the 
bands  of  the  priests.  They  blundered  over  it,  and  for  the  first 
36  years  of  the  Julian  calendar  they  put  in  a  leap-year  every 
third  year  instead  of  every  fourth  year.  The  priests  managed 
this  by  something  like  the  method  of  Lord  Dundreary,  who  dis- 
covered that  whether  he  had  ten  fingers  on  his  two  hands — or 
nine,  or  eleven — depended   solely  upon  whether  he  counted  his 
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fiagera  forwards  or  backwards,  and  where  he  left  oif  before  he 
summed  them  up.  Whether  the  priests  began,  as  some  sages  of 
this  day  do,  with  a  zero  year,  1  do  not  know.  But  they  counted 
both  extremes,  as  was  the  custom  in  Rome,  and  so  made  every 
three  years  into  four.  The  result  was  that  in  the  37th  Julian 
year,  the  Emperor  Cffisar  Augustus  discovered  that  the  calendar 
was  too  slow  by  three  days,  and  he  then  ordered  that  the  next 
three  leap-years  should  be  omitted.  Now  the  next  three  leap- 
years  would  have  been  40,  44,  and  48  of  the  Julian  era,  and 
these  were  all  reduced  to  365  days  each.  It  was  not  till  the 
fourth  leap  year,  the  fifty-second  Julian  year,  and  the  seventh  of 
the  Christian  era,  that  another  year  of  366  days  was  let  into  the 
calendar.  Thus  it  came  about  that  leap-years  were  non-existent 
in  the  Julian  calendar  at  the  commencement  of  the  Christian  era. 
Owing  to  the  Julian  calendar,  with  its  leap-years,  proving  too 
slow  for  the  years  by  an  annual  interval  of  11"'  12".43  =  44" 
49*.72,  or  nearly  45  minutes  every  leap-year,  the  calendar  had 
got  twelve  days  behind  the  true  season  of  the  year  in  the  time  of 
Pope  Gregory,  By  that  time  the  true  length  of  the  year  was 
more  accurately  known,  and  Pope  Gregory  then  p&t  the  calen- 
dar  on  ten  days,  so  as  to  correct  it  for  the  days  it  had  fallen  be- 
hind, while,  in  order  to  make  the  calendar  in  future  to  keep  bet- 
ter time  with  the  revolutions  of  the  Barth  round  the  Sun,  he  or- 
dained that  all  the  centurial  leap-years,  except  such  as  were 
divisible  by  400,  should  be  left  out.  This  was  in  1582.  The 
Julian  calendar,  thus  further  corrected,  thenceforth  was  very  un- 
fairly called  the  Gregorian  calendar.  What  the  Monk  Dionysius 
Exiguus  had  done  in  527  was  simply  to  steal  the  Julian  Era.  Ita 
first  45  years  he  cut  off,  and  its  46th  he  called  the  first  of  the 
Christian  era.  Otherwise  it  remained  the  Julian  calendar.  And 
all  that  Pope  Gregory  had  done  was  to  partly  raftke  those  fur- 
ther corrections  in  the  number  of  leap-years  which  the  Julian 
calendar  in  its  working  for  centuries  had  shown  to  be  necessary. 
The  Catholic  countries  in  general  at  once  adopted  the  New  Style 
(N.S.)  of  Pope  Gregory.  This  reformed  calendar  was  ten  days 
in  advance  of  other  nations,  and  the  unreformed  calendar,  for 
the  sake  of  distinction,  had  to  be  denoted  as  Old  Style  (O.S.). 
England,  being  a  Protestant  country,  did  not  then  adopt  Pope 
Gregory's  New  Style,  nor  his  omitted  leap-years.  But  in  1752 
England  did  this  by  Act  of  Parliament  (24  Geo.  II.  c.  23).  Rus- 
sia,  beiog  under  the  sway  of  the  Greek  or  Eastern  church,  has 
even  rejected  the  reformed  calendar  till  this  day.  Christmas 
Day,  which  we  held  on  our  Dec.  25,  was  therefore  in  Russia  the 
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13th  of  December.  Again,  owing  to  the  1900th  year  with  us 
having  its  leap-year  omitted,  while  in  Russia  it  is  still  a  leap-year, 
as  ordained  by  Julius  Csesar,  their  calendar  will  be  13  days  be- 
hind time  on  their  first  of  March,  1900.  Anglo-Russian  docu< 
ments  therefore  have  to  carry  two  dates  in  order  to  avoid  con- 
fitsion.    The  dates  will  appear  thus: — 

Thursday,  1900,  March  j^^|^  ?-■ 

Reverting  now  to  our  diagram,  it  will  be  evident  that  the 
years  b,  c.  are  merely  a  retrospective  method  of  labelling  time, 
and  that,  in  counting  the  years  B.  c,  we  count  backwards,  and 
in  each  ye^r  we  unavoidably  begin  with  the  31st  of  December, 
and  end  with  the  1st  of  January,  The  years  a.  d.  we  count  for- 
wards,  precisely  as  we  count  the  years  of  a  man's  age,  and  the 
early  calendar  a.  d.  we  regard  precisely  as  we  regard  the  calen- 
dar to-day.  It  is,  therefore,  evident  that  the  100th  year  has  to 
be  completed  before  the  1st  century  is  finished,  and  that  the 
1900th  year  has  to  be  completed  before  the  19th  century  is  fin- 
ished. When  we  come  to  nineteen  bnndred  and  one  we  shall 
have  completed  the  19th  century  and  entered  upon  the  first  year 
of  the  20th. 

As  to  the  sticklers  for  the  precise  moment  of  the  real  Nativity, 
we  know  neither  the  day  nor  the  month  of  the  Nativity. 
Historians,  moreover,  are  agreed  that  Christ  must  have  been 
bom  prior  to  February  in  the  fourth  year  b,  c.  But  whether 
Christ  were  bom  five  years  before  the  date  now  in  use  for  the 
commencement  of  the  Christian  era,  or  were  born  five  years  af- 
ter it,  or  had  never  been  bom  at  all.  makes  not  a  particle  of  dif- 
ference. Our  calendar  has  been  determined  by  an  English  Act  of 
Parliament,  and  it  would  be  alike  impracticable  and  futile  for  ua 
now  to  attempt  to  alter  it.  Nor  does  the  naming  nor  dating  of 
onr  era  have  anything  to  do  with  the  number  of  years  which 
have  to  be  allotted  to  a  century.  If  a  cheque  for  £100  be  mis- 
dated, that  makes  no  difference  to  the  number  of  sovereigns 
which  the  payee  is  entitled  to  at  the  bank  counter.  So,  in  order 
to  complete  a  century,  we  must  finish  up  its  100th  year  to  the 
last  moment. 


.y  Google 


144  The  Approaching  Total  Eclipse  of  the  Sun. 

THE  APPROACHING  TOTAL  ECLIPSE  OF  THE  SUN. 

The  astronomers  of  both  Europe  aod  America  are  now  busy 
in  making  arrangements  to  observe  tbe  total  eclipse  of  the  Sun 
which  will  occur  on  the  28th  of  next  May.  As  usual,  our  Ameri* 
can  cousins  are  better  off  than  we  are,  for  they  can  observe  the 
eclipse  without  going  out  of  their  own  country.  British  astron- 
omers will  have  to  travel  to  Spain  or  Portugal.  The  eclipse  path 
stretches  from"  the  west  of  New  Orleans  to  Algiers  and  N,  Africa 
on  the  east.  The  local  times  and  conditions  at  certain  points 
along  this  path  are  thus  given  in  the  "  Local  Particulars  "  pub- 
lished by  the  Nautical  Almanac  Office: — 


M*P  OF  Eclipse  Path  28  May  1900.* 

Position  W,  of  New  Orleans. 
Long.  90°  6'  W.,  Lat.  30"  4'  N. 

Central  Slanlgid  ■ 

Local  Mtan  TimeJ.  Mean  Timts.  Al 

Eclipse  begins    May  27    18    26    13        May  27    18  26  37 

Totality  begins    "     27    19    29    +2  "    27    19  30      61 

Totality  ends       "     27    19    31      0  "    27    19  31  24f 

Eclipse  ends  "     27    20    *3    10  "    27    20  43  34 

Duration  of  Totality  l^^  17' .6. 

*  Prom  the  January  Bulletin  dc  la  Society  Astronomiqne  dc  France. 


LyCoogle 


The  Approaching  Total  Eclipse  of  the  Saa. 

Angle  from  N./fint  contact,  104°  towards  the  W.  \ 

point  of  1  Isat  contact,  7fi°  towards  tbe  B.  {  lor  direct 
Angle  from  f  first  cootect.  40°  towards  tbe  W.  C  image. 
Vertex,  of      ilast  contact,  145°  towards  tbe  E.    ) 

Position  near  Union  Point,  Georgia. 
Long.  83°  5'  W,,  Lat.  33°  29'  N. 

Central  Siind.rJ  Sun 

Eclipse  begins    May  27    19      0    25        Maj  27  18  32  45  35 

Totality  begins    "      27    20      7    52  "     27  19  40  121  „_ 

Totality  ends       "     27    20      9    24  ■'    27  19  4t  44/  ^^ 

Eclipse  ends         "     27    21    26    16  ■'    27  20  58  36  55 

Duration  of  Totality,  1"  32'. 

Angle  from  N  /first  contact,  104°  towards  tbe  W. 

point,  of   (last  (ontact.     76°  towards  the  E. 

Angle,  from    /first  contact.    41°  towards  tbe  W. 

Vertex,  of    \Iast  contact,  139°  towards  tbe  E. 

Position  sooth  of  Cape  Henry,  Virginia. 

Long.  76°  5'  W.,  Lat.  36°  42'  N. 

CtMia\  Stondam 
Local  Mun  Tlmei.  M«an  Tipin. 

Eclipse  bcfpns    May  27     19    36    36         May  27     19  40  55 

Totality  begins    '*      27    20    48      7  "     27    20  52  27\ 

Totality  ends        '*     27    20    49    53  "     27    20  54  13/  - 

Eclipse  ends  "     27    22    11      2  "    27    22  15  22 

Duration  of  Totality,  l"  45'. 6. 

Angle  from  N.f  first  contact,  103°  towards  tbe  W. 

point,  of    (last  contact,    78°  towards  the  E. 

Angle  from      (first  contact,   44°  towards  tbe  W. 

Vertex,  of     Vast  contact,  130°  towards  the  E. 

Position  near  Ovar  (Portugal), 
Long.  8°  38'  W.,  Lat.  40°  50'  N. 


Eclipse  begins    M 
Totality  begins 
Totaltty  ends 
Eclipse  ends 


IV  28       2      6    35         May  28 

'28       3    27     10  "     28 

28       3    28    43  "     28 

28      4    38    42  "     28 

Duration  of  Totality,  1"  33'.6. 


Angle  from  N.ffirat  contact,    89°  towards  the  W.  | 

point,  of     llast  contact,     93°  towards  ibe  E.    F       for  direct 
Angle,  from     /first  contact,  137°  towards  the  W.  [         image. 
Verlei,  of      tiast  contact,     38°  towards  the  E.    ) 

Position  S.  W.  of  Talavera  de  la  Reina  <Spaio). 
Long.  5°  10'  W.,  Lat.  39°  47'  N. 


Eclipse  begins    May  28      2    29    IS        May  28 
Totality  begins    "     28      3    46      2  "28 

Totality  ends        "     28      3    47    29  "     28 

Eclipse  ends         "     28      4    55    38  "    28 

Dnration  of  Totality,  1»  27'.4 
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Angle,  from  N./ first  contact,    88°  towardt  tfae  W. ") 

point,  of     (last  contact,     9*'  towards  the  E.    t      for  dirvct 
Angle,  IriDm     1 6nt  contact,  14<0°  towards  tbc  W.  [        image. 
Vertes,  of     tlast  contact,    3a°  towards  the  E.  J 

Position  west  or  Puerto  del  Inferno  (Spain). 
Long,  l"  43'  W.,  Lat.  38°  38'  N. 


56    32 

11  201 

12  41/ 


Local  Mcin  Hmts.  Meir 

Eclipse  begins    Maj  28      2    49    40        Ma;  28  2 

Totality  begins    "      28      4      4    28  ■<     28  4 

Totality  ends       "     28      4      5    49  "    28  4 

Eclipse  ends  "     28      S    12      9  "    28  5 

Duration  of  Totality,  l"  21",5. 

Angle,  from  N  (hrst  contact,    87°  towards  the  W. 

(Kiint,  of    llast  contact,     94°  towards  the  E. 

AnKle,  from     jfirst  contact,  143°  towards  the  W. 

Vertex,  of     \last  contact,     38°  towards  the  E, 

Cape  de  Sta.  Pola  (Alicante)  Spain. 
Long.  0°  30'  W.,  Lat.  38°  13'  N. 

LoHl  Mean  Times.  '"'jMe.n' TlmVi. 

Eclipse  btgJTis    May  28      2    56    47          May  28  2  58  47 

Totality  begins    ■■     28      4    10    52            "     iS  4  12  521 

Totalityends        '■      28      4    12    11             "     28  4  14  llj" 

Eclipse  ends           "      28      5    17    55             ■■     28  5  19  55 
Duration  of  Totality,  1"  19'.4. 


Angle,  from  N. /first 

point,  of     \)aat  i 

Anitle.  from      jfirst 

Vertex,  of      ilast 


87°  towards  the  W,  ) 
94°  towards  the  E.     I      for  rfireet 
144°  towards  the  W.   (         image. 
38°  towards  the  E      ' 


The  accompanying  map  of  the  line  of  totality  will  show  the 
parts  of  Spain,  Portugal,  Algeria  and  Tunis  from  which  this 
eclipse  can  be  observed.  It  will  be  seen  that  the  track,  after 
leaving  Spain  near  Alicante,  crosses  the  Mediterranean  and  en- 
ters Africa  close  to  Algiers. 

We  may  be  perfectly  certain  that  the  astronomers  of  the 
United  States  and  France  will  man  the  beginning  and  the  end  of 
the  line  quite  efficiently.  It  is  clear,  therefore,  that  the  attention 
of  British  astronomers  with  serious  work  to  do  will  be  directed 
to  the  observing  stations  in  Spain  and  Portugal. 

The  weather  chances  were  stated  by  Professor  Arcimis  in  a 
former  number  of  Nature*  and  may  be  considered  excellent. 

There  are  many  branches  of  work,  such  as  securing  photo- 
graphs of  the  corona,  in  which  amateurs  may  do  good  service. 
For  them  the  well-found  steamers  leaving  Marseilles  may  make 
the  coast  near  Algiers  more  convenient.— Wature,  Dec.  28, 1899. 
•  Vol.  lis.  p.  439. 
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ORIGIN  OP  THE  LUNAR  FORMATIONS.* 

Various  theories  liave  been  advanced  at  different  times  to  ex- 
plain the  origin  of  the  lunar  craters,  but  the  chief  difficulty  that 
astronomers  have  heretofore  met  has  been  to  account  for  the  gi- 
gantic scale  upon  which  they  are  formed.  In  the  series  of  experi- 
ments presently  to  be  described,  artificial  craters  have  been  con- 
structed resembling  those  found  at  present  upon  the  Moon. 
Since  in  the  earlier  experiments  no  recourse  is  had  to  capillary 
action,  or  to  the  explosion  of  gases,  there  seems  to  be  no  natural 
limit  set  to  the  size  of  the  formations  that  may  be  produced  by 
this  method,  either  naturally  or  artificially.  In  the  explosive  ex- 
periments  described  later  other  features  are  illustrated.  I  should 
state  that  this  investigation  was  suggested  by  a  letter  from  Mr. 
J.  B.  Hannav,  published  in  Mature.  1892,  Vol.XLVII,  p,  7.  In  it 
he  describes  some  minute  craterlets  naturally  produced  in  solidi- 
fying  iron  slag  It  seemed  to  me  worth  while  to  repeat  these  ex- 
periments, and  to  obtain  if  possib'e  some  substance  more  readily 
manipulated  than  melted  iron.  The  substance  which  I  found 
best  suited  to  the  purpose  was  paraffine.  This  material  melts  at 
so  low  a  temperature  that  it  can  be  readily  handled  in  the  vis- 
cous form,  while  at  the  same  time  it  becomes  quite  hard  and  firm 
at  ordinary  temperatures.  Like  the  materials  composing  the 
crust  of  the  Earth,  it  contracts  on  solidilying,  the  change  in  vol- 
ume in  both  cases  being  rather  large. 


The  paraffine  was  melted  in  an  enamelled  ware  pan,  measuring 
three  and  a  half  inches  deep  by  eight  in  diameter,  over  a  small 
spirit  lamp.    By  employing  a  small  source  of  beat  the  paraffine 
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was  melted  locally  above  the  flame,  and  soon  formed  a  little  hole 
io  the  surface  crust  measuring  about  one  quarter  of  an  inch  in 
diameter.  That  portion  of  the  liquid  in  contact  with  the  bot- 
tom of  the  pan  was  at  a  much  higher  temperature  than  that 
above  it,  and  was  forced  upwards  hy  the  heat,  rapidly  enlarging 
the  hole  formed  in  the  crust  above  it.  The  hole  retained  its  cir- 
cular or  elliptical  form,  and  continued  to  enlarge  as  long  as  the 
hot  liquid  was  brought  in  contact  with  it.  As  soon  as  it  had 
reached  a  convenient  size  the  lamp  was  extinguished,  and  the 
cooling  process  begun.  As  the  lower  regions  of  the  paraffine 
cooled  they  contracted,  and  the  liquid  surface  dropped,  leaving  a 
smoothly  cut  elliptical  pit  {Figure  14)*.  The  sides  were  at  first 
quite  shelving,  but  by  reheating  the  fluid  once  or  twice  they  be- 
came steeper,  and  even  overhung  in  some  places.  Probably^a 
rapid  cooling  at  the  surface,  and  a  more  rapid  contraction  of  the 
fluid,  obtained  by  using  a  larger  reservoir,  would  accomplish  the 
same  result.  If  the  contraction  is  allowed  to  proceed  too  far, 
however,  the  floor  of  the  crater  pit  becomes  concave,  and  imay 
even  be  broken  through  by  the  pressure  of  the  atmosphere. 


In  Mr.  Hannay's  letter  he  refers  to  the  former  very  powerful  in- 
fluence of  the  tides  upon  the  liquids  contained  within,  and  upon 
the  surface  of  the  Moon.  This  tidal  action  was  imitated  by  in- 
serting a  brass  tube  one  inch  in  diameter  and  twelve  inches  long 
in  the  paraffine  when  it  was  first  melted.  The  tube  was  fitted 
with  a  wooden  piston  packed  loosely  with  cotton  flannel.  By 
working  this  piston  up  and  down,  the  melted  pariffine  could  be 
made  ahemately  to  rise  and  fall  inside  the  craters  formed  by  it, 
and  the  cooling  process  could  be  hastened  when  desired  by  blow- 

*  Nnmber  of  Figure  in  Vol.  32.  pt.  2,  H.  C.  0.  Annals. 


.y  Google 


Williatn  H.  Pickering.  149 

ingupon  the  liquid  surface.  Craters  (Figures  15  and  16)  were 
formed  in  the  same  manner  as  the  first  one,  excepting  that  alter 
extinguishing  the  lamp  the  tidal  action  was  brought  into  play, 
alternately  pumping  the  liquid  up  to  the  rim  of  the  crater,  where 
it  partially  solidified,  leaving  a  little  ring  of  solid  parffine,  and 
then  drawing  it  down  again  into  the  interior,  where  it  soon 
partly  remelted,  preparatory  to  a  renewed  elevation.  This  tidal 
action  was  continued  until  the  fluid  became  quite  viscous,  solidi- 
fying into  little  hills  and  ridges  inside  the  crater,  and  later  as  the 
hardening  surface  was  dragged  out  of  shape  bv  the  pumping  of 
the  liquid  below  it,  little  cracks  were  formed  aroutd  the  edges 
and  across  the  bottom  of  the  crater,  like  the  rills  seen  in  similar 
situations  upon  the  Moon. 


If  now,  we  raise  the  piston  high  enough,  and  wait  for  air  to  get 
underneath  it,  we  may  farce  this  down  into  the  melted  paraiEne. 
The  result  is  an  explosion,  in  which  the  paraffine  may  shoot  up 
several  feet  in  the  air.  If  care  is  taken,  however,  the  jets  may  be 
confined  to  the  height  of  a  few  inches.  A  cone  is  soon  formed 
(Figure  17),  and  the  liquid  paraffine  trickles  down  the  slopes  in 
miniature  lava  streams.  As  the  cooling  process  goes  on  the  par- 
affine comes  out  in  bubbles,  like  soap  suds,  whichjbreak  and  rap- 
idly build  up  the  cone.  If  the  process  is  continued  iurther,  par- 
tially solid  lumps  of  paraffine  are  projected  into  the  air,  falling 
down  upon  the  outer  slopes  of  the  cone.  The  crater  now  gradi 
ally  narrows,  and  if  care  is  not  taken  will  soon  become  clogged. 
With  care  many  well  known  volcanic  phenomena  may  be  re- 
peated, such,  for  instance,  as  the  shifting  of  crater  to  one  side, 
and  the  formation  of  a  succession  of  crater  rings  and  semi-circles. 
Also  the  bursting  out  of  new  craters  near  the  base  of  the  original 
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cone.  Iiidee<),  the  investigator  is  likely  to  perform  this  experi- 
ment involantary,  if  he  permits  the  main  vent  to  get  partially 
clogged,  and  applies  too  much  heat  below.  The  introduction  of 
air  seems  to  transport  us  at  once  Irora  lunar  to  terrestrial  scenes, 
although  in  the  case  of  the  Earth  the  tides  of  course  have  nothing 
to  do  with  the  matter,  their  place  being  taken  by  irregularly  re- 
curring explosions  of  steam. 


Applying  now  the  results  of  our  experiments  to  the  case  of  the 
Moon,  we  may  conceive  that  the  order  of  formation  was  some- 
what as  follows.  We  will  start  with  the  Moon  in  the  form  of  a 
liquid  or  viscous  sphere,  revolving  about  the  Earth,  and  close  to 
its  surface.  Under  these  circumstances  the  tides  would  be  of  enor- 
mous power,  and  quite  unlike  in  magnitude  anything  at  present 
existing  upon  the  Earth.  Those  constituents  of  th?  Moon  having 
the  least  specific  gravity  would  float  upt>n  the  surface  and  soon 
solidify,  forming  a  thin  crust.  Whether  this  occurred  before  or 
after  the  solidification  of  the  central  core  through  pressure  is  of 
no  consequence.  As  it  solidified  the  crust  would  contract,  form- 
ing cracks,  which  would  be  enlarged  at  points  into  circular  holes 
or  craters  by  the  hot  liquid  interior,  while  the  remaining  portions 
of  the  crack  would  become  filled  with  fluid  from  the  interior, 
which  would  slowly  harden  and  become  part  of  the  continuous 
surface.  We  have  an  illustration  this  very  process  arrested  in  the 
act,  in  the  case  of  the  great  rill  of  Hyginus,  and  the  small  craters 
distributed  along  its  length.  Hyginus  is  probably  a  later  forma- 
tion, however,  as,  if  the  crust  had  been  thin,  the  process  would 
have  been  completed,  the  craters  enlarged,  and  the  rill  filled  up. 

When  the  process  first  began,  numerous  comparatively  small 
holes  would  form  one  after  another.  These  holes  would  continue 
to  enlarge,  retaining  their  circular  form,  as  the  hot  liquid  was 
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forced  through  them,  nntil  th«  action  was  stopped  by  a  suffi- 
ciently thick  crust  forming  upon  the  liquid  surface.  In  the  mean 
time  the  tremendous  tides  engendered  by  our  Earth,  coursing 
through  the  imprisoned  liquid  interior,  woald  fracture  the  thin 
and  brittle  crust  in  fresh  places,  vrhere  the  same  process  would  be 
repeated-  When  the  crust  was  thin  the  enlargement  of  the  crater 
vronld  proceed  rapidly,  and  the  aperture  might  attain  considera- 
ble dimensions  before  the  restraining  crust  was  formed,  but  as 
the  original  cmst  thickened,  and  the  passage  connecting  the 
aperture  with  the  liquid  interior  lengthened,  we  should  find  that 
the  craters  formed  would  be  smaller,  but  more  numerous.  We 
should  thus  expect,  in  general,  that  the  older  the  crater  the 
larger  it  would  be,  and  that  the  smaller  craters  would  impinge 
upon  the  larger  ones,  and  not  rice  versa.  An  examination  of  the 
lunar  surface  shows  this  to  be  the  case.  The  older  and  larger 
craters,  like  Clavius,  Albategnius,  and  many  others  near  the 
south  pole,  are  pitted  and  sometimes  almost  concealed  by  nu- 
merous smaller  and  later  craters,  while  craters  of  more  moderate 
size,  like  Tycho  and  Copernicus,  are  comparatively  free  from  such 
intrusions. 

It  can  be  shown  that  the  maximum  surface  tension  exerted  by 
the  Earth  upon  the  Moon  is  exerted  upon  the  great  circle  form- 
ing the  limb,  and  tends  to  separate  the  two  hemispheres  with  a 
force  which  at  the  mean  distance  of  the  two  bodies  amounts  to 
a  tension  of  9.6  pounds  on  the  square  inch.  When  the  Moon 
was  at  one-tenth  of  its  present  distance  from  the  Earth,  this 
tension  would  have  been  one  thousand  times  as  great,  and 
would  have  been  sufficient  to  shatter  it  to  pieces  had  it  then  ex- 
isted in  the  solid  form.  If,  however,  it  were  fluid  or  viscous,  as 
we  have  supposed,  the  effect  would  have  been  merely  to  produce 
an  enormous  tide,  as  has  been  shown  by  Professor  Darwin.  In 
the  mean  time,  if  the  Moon  revolved  rapidly  on  its  axis,  so  that 
all  portions  of  its  surface  were  presented  successively  to  the 
Earth,  this  maximum  strain  would  be  felt  successively  by  all 
portions  of  its  surface,  the  tendency  being  to  separate,  or  crack 
it,  in  a  meridional  direction.  We  should  thus  expect  to  find  that 
the  earlier  formations  would  have  a  tendency  to  lie  in  lines  in  a 
north  and  south  direction.  This  we  find  actually  to  be  the  case 
with  the  craters  that  we  have  been  discussing,  particularly  the 
larger  ones.  TRis  fact  has  been  pointed  out  by  Webb,Neison  and 
others. 

The  craters  of  this  early  period,  of  which  Copernicus  is  the 
characteristic  example,  would  be  moulded  by  the  enormous  tides 
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into  forms  resembling  Figures  15  and  10.  The  interior  snrface 
of  one  crater,  Wargentin,  apparently  solidified  when  the  tide 
which  filled  it  reached  to  its  very  rim.  The  aperture  connecting 
it  with  the  interior  had  in  some  way  evidently  become  clogged, 
and  the  fluid  which  had  formed  the  crater  was  caught  as  it  were 
in  the  act,  to  serve  as  a  clue  and  perpetual  illustration  of  the 
process  of  construction  to  all  future  generations.  Another 
crater,  Mersenius,  has  a  conspicuously  convex  interior.  This 
was  the  case  at  first  with  the  parafhne  crater  represented  in  Fig- 
ure 15,  but  subsequent  cooling  caused  it  to  become  concave.  If 
the  floors  of  the  lunar  craters  when  they  solidified  were  in  general 
convex,  it  is  evident  that  the  subsequent  solidification  of  the  flnid 
beneath  them  would  tend  to  make  the  floor  level,  thereby  pro- 
ducing a  compression  of  the  surface,  which  might  well  result  in 
the  formation  of  a  central  peak  or  ridge.  If  the  paraffine  model 
bad  been  constructed  upon  a  larger  scale,  and  the  contraction  of 
the  fluid  beneath  it  had  been  allowed  to  proceed  more  slowly,  it 
is  thought  that  this  result  might  have  been  obtained.  As  it  was, 
a  tendency  to  form  small  ridges  was  noticed.  In  Figure  16  the 
internal  surface  of  the  crater  was  artificially  broken,  thereby  pro- 
ducing the  central  mound. 

As  the  cooling  process  continued,  regions  deeper  down  solidified 
and  contracted.  The  upper  laytrs,  having  now  become  com- 
pletely solid,  would  not  contract  at  the  same  rate,  with  the  fall 
of  temperature,  and  the  result  would  be  that  the  surface  of  the 
Moon,  instead  of  being  too  small,  would  now  be  too  large  for  its 
interior.  When  this  "critical  epoch"  occurred,  the  formation  of 
craters  would  for  a  time  almost  cease.  The  result  would  be  a 
local  subsidence  with  a  considerable  local  evolution  of  heat,  al- 
though the  tem])eraturc  of  the  Moon  as  a  whole  would  still  con- 
tinue to  diminish.  If  the  heat  so  developed  were  sufficient  to 
overcome  the  latent  hi  at  of  solidification  a  considerable  portion 
of  the  subsiclcnt  area  might  be  melted,  while  portions  of  the  orig- 
inal crust  carrying  their  ancient  craters  with  them,  would  sink- 
slowly  beneath  the  liquid  surface,  the  process  ol  destruction  con- 
tinuing as  long  as  the  sui)ply  of  heat  lasted. 

In  the  mean  time  the  Moon  v/ould  have  receded  much  farther 
from  the  Earth,  and  the  tides  would  have  accordingly  greatly 
diminished  in  their  intensity.  The  subsident  areas  would  in  gen- 
eral be  large  in  extent,  such  as  the  Maria  Imbrium,  Serenitatis, 
and  Crisium.  The  darker  color  of  their  floors  would  seem  to  in- 
dicate  that  they  were  formed  from  another  kind  of  material, 
which,  coming  from  a  considerable  depth,  had  united  and  mixed 
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with  the  lighter  colored  molten  matter  which  had  formed  the 
original  surface.  In  these  maria  we  often  see  the  outlines  of  old 
crater  rings  which  have  been  partially  melted  down  and  absorbed 
in  the  subsequent  eruption  of  melted  matter  from  the  interior. 
Since  in  all  cases  the  melting  progresses  outward  from  a  centre, 
we  see  why  it  is  that  these  large  seas,  like  the  smaller  craters,  all 
retain  the  approximately  circular  shape.  In  some  cases  where 
the  original  crust  has  subsided,  it  has  melted  in  the  thinnest 
places  only,  such  as  the  bottoms  of  the  deepest  craters.  Thus 
Plato  probably  had  originally  an  interior  like  that  of  Copernicus, 
but  the  melting  process  which  destroyed  the  bottom  was  not  car- 
ried far  enough  to  ruin  its  walls  also,  as  was  partially  done  in  the 
case  of  many  of  the  older  craters.  The  elevation  of  the  surfaces 
of  the  maria  probably  indicates  their  relative  age,  the  lower  ones 
being  formed  last, 

(to  be  continued.) 


SPECTROSCOPIC  NOTES. 

The  approachlag  total  eclipse  of  tbe  San  May  28. 1 900.  nil!  be  elaborately  ob- 
served, aod  should  yield  some  valuable  Bpectrujcopic  results.  Astbe  path  of  total- 
ity passes  throujth  such  sn  accessible  district  in  Ihia  country  the  number  of  nell 
equipiied  expeditions  should  be  unusually  large,  while  with  favorable  weather 
there  shuuld  be  a  host  of  general  observers.  Wilh  Ne.v  Orleans.  Mobile,  Raleigh, 
and  Norfolk  in  the  path  of  totality,  thousands  can  hope  to  see  the  corona  with 
no  {greater  inconvenience  thun  xoing  out  of  doors  ;  while  not  a  few  will  regard  a, 
view  of  the  corona  ample  reward  for  traveling  a  considerable  distance. 

The  prubebiiily  of  a  clear  sky  at  the  time  of  totality,  as  shown  by  weather 
observations  covering  a  number  of  years,  varies  considerably  for  different  parts 
of  the  path  The  best  prospect  for  good  weather  is  in  the  highest  elevation  in 
northern  Georgia  and  eastern  Alab.tma.  decreasing  gradually  toward  the  Gulf 
coast  in  one  dirt'ctiun  and  the  Atlantic  coast  in  the  other.  The  path  of  totality 
on  land  in  this  hemisphere  is  »o  long  that  even  with  a  general  storm  it  will  be 
quite  possible  to  have  clear  weather  for  a  part  of  the  path,  and  with  this  in  view 
the  extreme  southwest  should  not  be  altogether  negkcled.  Loeul  fug  or  fljing 
clouds  may  add  interest  and  excitement.  In  case  of  p.irtial  cloudiness  in  any  dis- 
trict observers  should  be  scattered ;  for  this,  without  riiminishinK  the  chances  of 
any  individual,  increases  vastly  the  probability  that  the  eclipse  will  be  seen  by 
some  at  least  of  the  party. 

For  the  powerful  spectroscopes  of  various  types  there  will  be  woik  in  plenty, 
in  the  accurate  determination  of  the  revised  position  of  the  corona  line:  possibly 
in  the  measurement  of  the  velocity  of  rotation  of  the  corona  ;  and  in  the  study  of 
the  flash  spectrum  at  the  instants  of  beginning  and  end  of  totality.  With  the 
moat  modest  spectroscope  the  gaseous  character  of  the  corona  may  be  shown, 
and  the  relative  brightness  of  the  weak  continuous  spectrum  may  be  studied. 

The  European  and  African  end  of  the  path  of  totality,  passing  through  Por- 
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tngal  (Coimbra),  Spain  (Alkante),  and  Algkra,  will  be  occupied  by  a  DDinber  of 
partie*  and  many  general  obRcrrera.  Baron  de  la  Baume  PIuTind  on  behalf  of 
the  French  Astronotnical  Society  baa  vUited  Spain  to  ascertain  the  weather  pros- 
pects at  Tarioui  point*  and  to  arrange  (or  the  accommodation  of  intending  visit- 
on.  Tbe  British  Aatronomical  Association  in  case  a  saffictent  nnmber  express  an 
intention  of  going  will  arrange  an  expedition  macb  after  tbe  character  of  tbe  one 
to  Vadso,  Norway,  in  1896.  A  steamer  will  be  chartered  to  leave  Sonthampton 
May  18,  and  after  touching  at  Cadiz  to  land  observers  for  the  centre  of  Spain, 
and  at  Alicante  to  land  those  who  expect  to  observe  at  that  point,  the  ship  will 
proceed  to  Algiers  May  24,  and  will  remain  there  till  alter  tbe  eclipse;  leaving 
Algiers  May  25,  tonching  at  Alicante, Gibraltar, and  Lisbon,  will  arrive  at  South- 
ampton Jane  4. 


The  prixes  announced  by  the  French  Academy  of  Sciences  for  1900  include  tlte 
Janssen  prize,  a  gold  medal,  for  the  most  important  discovery  in  physical  astroo- 


The  report  of  the  Superintendent  of  the  United  States  Naval  Observatory 
states  that  tbe  difficulties  involved  in  using  a  lens  only  visuallytMrrected  for  pfao- 
tograpbJDg  star  spectra  he  ve  been  remedied  by  tbe  insertion  of  a  correcting  lens 
of  2.09  inches  aperture,  which  alters  tbe  minimum  focus  from  A  6270  in  the  yel- 
low-green to  A  4341  in  the  violet. 


The  variable  star  2852  V  Pnppis  has  recently  been  studied  by  Mr.  A.  Vi.  Rob- 
erts at  Lovedale,  South  Africa  {Astronomical Journal  No.  477).  He  assigns  it  to 
the  Algol  class  with  a  period  of  1.5  days.  In  1686  Mr.  Statily  Williams  supected 
variation  and  suggested  a  period  of  4.2  days.  In  1896  Profrssor  Pickering  found 
tbe  star  to  be  a  spectroscopic  binary  with  a  period,  about  double  that  given  by 
Mr.  Roberts,  of  3.115  days.  Mr.  Roberta'  oliservations  are  consistent  with  tbe  as- 
snmption  of  the  two  components,  slightly  unequal  in  brigfalnesa,  revolving  in  an 
orbit  nearly  circular  and  only  slightly  inclined  \  tbe  distance  between  the  surfaces 
of  the  stars  being  less  than  their  semidiameter. 


PLANKT  NOTBS  FOR  MARCH. 

H.  C.WILSON. 

Mercary  is  now  visible  as  "e  /ening  star"  and  will  continue  to  be  visible  to 
the  naked  eye  (or  e.  couple  of  weeks.  Look  toward  tbe  western  horizon  about 
seven  o'clock.  Mercury  is  brighter  than  any  star  in  the  vicinity,  ond  mddy  in 
color  because  of  its  low  altitude.  The  planet  will  be  at  greatest  elongation  east 
from  the  Sun,  18"  16',  on  March  7.  On  the  24th  Mercury  will  be  at  inlerior  con- 
junction and  a  couple  of  weeks  later  become  visible  as  morning  star. 

Venus  lights  up  the  western  shy  in  the  evening  with  her  brilliant  ravs,  caus- 
ing opaque  objects  to  cast  quite  perceptible  shadows  in  her  light.  One  can  easily 
see  this  planet  with  the  naked  eye  in  full  sunlight,  at  any  time  during  a  clear  af- 
ternoon, when  once  her  place  is  pointed  out.  Venus  disc  is  gibbons,  about  half 
way  between  the  quarter  and  lull  phases,  and  is  waning  quite  rapidly  in  phase 
while  her  light  is  increasing  because  of  her  approach  to  tbe  Earth. 
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Mmr»  ii  momitiK  star  but  too  ocarlj  in  lioe  with  tbe  Sue  to  be  obMrred. 
fapittr  can  be  seen  \a  tfae  momiog  toward  the  south,  but  at  a  low  altitude, 
w>  that  it  is  not  worth  the  while  loiing  Bleep  to  stody  the  planet. 


Thb  Constbllations  at  9  p 


,  Mari 


[  1,  1900. 


Satara  and  Vraaua  also  are  toward  the  southeast  in  the  morninK,  not  far 
from  Jupiter,  but  at  low  altiudes.  Uranus  will  be  at  quadrature  March  3  and 
Saturn  in  the  same  aspect  on  March  25. 

Neptane  will  be  at  quadrature  east  of  the  Sun  on  the  lith.  and  may  be  ob- 
served in  the  eartj  evening,  in  the  coastel[atioa  Taurus:  R.  A.  March  15,  5"  35"; 
Decl.  4-  22°  5'.  It  will  move  very  slowlj  eastward,  being  now  at  the  turn  of  the 
n  loop  in  its  annual  path. 
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The  Moon. 


Mar.      7  First  Quarter 10  09  a 

16  Full  Moon 7  06  p 

^3  Last  Quarter 1  10  a 

30  New  Mooo 5  27 


1  atandard  Time  at  NortbOcld: 
Local  Time  lam  ICM.) 

I.  1  59A.X. 

1.  6  29    ■' 

I.  10  13    •' 

6  59  P.  U. 


23 


Occnltations  Visible  at  WaehJtigtoa. 

BMBRSION. 
oau.T.    fmNpt. 


IMMBRSIOK. 
Magdi-    Washing'      Angle 
tuat.      tonM.T.    fat  Npt. 


S  ArietiB 
14  SextantiB 
36  Sextantis 
55  LeooU 
67  Leonis 


11  25 

12  3S 
7  11 

IB  36 

16  08 

13  31 


141 
100 


13    36        258        0    SS 


16  34 

17  06 
14    !18 


360 


0  58 

1  07 


The  occaltation  of  Saturo  will  be  Tiaible  onlj  in  the  eaitern  part  of  the 
Dnited  States,  and  there  it  will  be  so  close  to  the  horizon  that  the  immenion  will 
be  almost  hopelesB  of  observation.  In  Europe  and  Africa  the  conditions  will  be 
mnch  more  favorable. 


VARIABLE  STARS. 


J.  A.«PARKHUR3T. 


Maxima  and  Minima  of  Long  Period  Variables. 
MAXIMA.  1900  April.  MAXIMA,  Con't. 


434.  S  Pisciura 
1981  S  Camelopardalis 
2100  I'Orionis 
2735  U  Cania  minoris 
3244  S  PyxidiB 
3204  W  Cancri 
3425  X  Hvdrae 

-     -  Virginis 
4849  n  C'annni  Ven. 
5465  R  TrianKuli  Ausir 
56X3  X  Librae 
5675  V  Coronae 
5776  X  Scorpii 
6831  S  Scorpii 
6062  RR  Scorpii 
6225  RS  Herculia 
7045  R  Cygni 
7118  X  Aquilae 
7192  Z  Cygni 
7404  R  Microncopii 
7448W  Aqasni 
7450  V  Aqnarii 


7468  T  Aqnarii 

72' 

7560  R  Vulpeculae 

8.0 

-    -Pegasi 

9 

7792  SS  CjRui 

8.5 

7907  U  Aquarii 

9.7 

8600  K  Cassiopeae 

6.0 

MINIMA 

243  U  Cassiopeae 

<15 

<}73TArietis 

9.6 

806oCeti 

9 

lf05  VOrionis 

<13 

2478  K  Lyncis 

<I3 

3186  T  Cancri 

9.9 

4492  Y  Viruinis 

12,2 

5338  U  Boolis 

12.8 

5677  R  Serpent  is 

13 

C044SUercn]is 

12 

6849  R  Aquilae 

11.2 

6943  T  Sagittae 

9.6 

7428  V  Cygni 

13.5 

7466  RR  Cygni 

95 
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Notes  to  Long  Pbkiod  Bpbbhbkis. 

1)  The  dates  are  taken  from  Dr.  Hartwi);'i  epbemeria  in  Vol.  34  of  the 
VkrUIJabraachritt,  part  1.  The  star  nDmbera  and  magaitudes  are  taken  from 
Chandler's  Third  Catalogue,  with  a  few  exception*. 

2)  TheStar Virginiaia  at  12''39'"  5**.  +  4"  56'.1,  (1855). 

3)  The  atar Pegati  ia  at  21''  14"'  8'.  +  13"  50'.3,  (1855).    See  No. 

8S21  of  the  NAcbricbtctt  and  Noa.  457,  465  and  473  of  the  Aitronomieal  Journal. 


Minima  ol  the  Variable  Star*  of  the  A.la:ol  l^pe. 

(OlTen  to  tbe  Dcanat  boor  In  Ore«a  wlcb  Time.) 
1900  April. 

tPHEI.  S  VELORUM.  U  OPHIDCHI.         DM.  +  l 


HS  SAGITTARII. 


April      17       13 


U  COBONAE. 


April         1        12  DM.  +  45'>3062. 

4        23  d         h 

11    21    *p"'    i    ^l 


W.  DELPHim. 


AOTBORITIBS  FOR  ALGOL-TYPB  EPHBUERIS  -Tbe  timea  for  the  above 
ephemeris  are  taken  from  Dr.  Hartwig's  paper  ia  the  VierteljabrascbriA  with  the 
following  exceptions: 

1) '  Por  R  Cania  Majoris.  S  Velornm  and  RS  Sagittarii  tbej  were  computed 
from  the  elements  in  Chandler's  Third  Catalogue. 

2)  For  DM.  +  12''3557  Luizet'a  elements,  in  No.  3596  of  tbe  Nacbricbten 
were  used. 

CORRECTION  TO  THE  ALOOL-TYPB  BPBBMBRIS  IN  THE  FEBRO- 
ARY  NVMBBRi—Ks  noted  at  the  top  of  page  100,  the  timea  for  part  of  the 
ephemeria  were  expressed  in  ei'riV  time  instead  of  as tro no m/ea/ time,  but  through 
an  error  in  making  up  the  form  tbe  correction  was  separated  from  the  ephemeria, 
so  that  there  was  danger  of  ita  being  overlooked.  A  note  from  the  editors  of  the 
Obser ratorjr  gives  the  source  of  the  original  error  in  the  adoption  of  c/n/ time  in 
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tbe  French  Aaaaaire  du  Bunmu  dea  Loagitadew  from  wfaicfa  the  ephnneru  was 
taken. 

VARIABLE  STAR  SBCTION  OP  TRB  BRITISH  ASTRONOMICAL  ASSO- 
CIATION.—Col.  Markwiclt  haB  lately  been  appointed  Director  of  thia  Section. 
He  ia  an  acconplished  variable  star  observer  and  doubtlcM  the  Section  will 
floarish  under  hia  directioa.  The  following  item  from  hia  introdnctorj  addresa 
will  intereat  American  observera.  "Out  of  166  obterrationa  of  maxima  and 
minima  reviewed  in  thelaat  6  number*  of  tbe/oura«/(of  the  British  Astronomi- 
cal Association)  135  were  made  in  America." 

VARIABLES  IN  THE  REVISED  EDITION  OF  YOUNG'S  GENERAL  AS- 
TRONOMY.—K  considerable  improvement  is  seen  in  tbe  light-cnr*ea  of  tjpical 
variables,  over  those  given  in  the  fi rat  edition.  Notably  that  of  Mira  corresponda 
with  that  Riven  by  Dr.  Nyland,  which  was  reproduced  in  Vol.  VI,  page  413  of 
this  Journal. 

SSCYGNI.-la  spite  of  generally  unfavorable  weather  the  masimnm  noted 
in  the  February  number,  pefire  100,  was  observed  well  enoa^h  to  determine  its 
character.  The  rise  occurred  between  Dec.  31  and  Jan.  2,  the  maiimnm  about 
Jan.  7,  at  HA  magnitude,  and  normal  lifcfat  was  reached  about  Jan.  19,  giving  a 
typical  long  maximum.  If  the  abnormal  maiimom  described  in  the  Januarr 
number  be  left  out  of  account,  the  previous  normal  period  lasted  56  days,  jnst 
about  the  usual  length.  The  abnormal  maximum  has  evidently  not  disturbed 
the  usual  order.  The  number  of  observationi  of  tbe  January  maximum  re- 
ported so  far  are  aa  follows ; 

Zicclieus  Daniel        6,  J.  A.  Parkburat        10, 

David  Flanery         1,  W.  E.  Sperra  4. 

V GBMINORVM.— Mr.  Sperra  baa  published  his  observations  of  the  Janu- 
ary maximum  in  No.  476  of  the  AstronomicMl  foarnal.  showing  that  the  rise 
took  place  between  1899  Dec.  30  and  31.  In  connection  with  the  observations 
of  Mr.  Daniel  and  the  writer  it  is  seen  that  the  maximum  waa  passed  about  Jan. 
2  and  normal  light  was  reached  Jan.  7  or  8.  Mr.  Daniel  is  following  the  star 
through  its  normal  light  with  the  10-incb  refractor  of  tbe  Bucknell  Observatory, 

ANDERSON'S  NEW  VARIABLE  IN  HERCULES,  which  was  charted  on 
page  45  of  the  January  number,  was  found  fainter  than  the  13th  magnitude  by 
Mr.  Daniel  1899  Nov.  23  and  28.  It  afterwards  rose  rather  rapidly,  for  on  Feb. 
1  I  found  it  only  two  or  three  steps  fainter  than  the  comparison  star  a,  whose 
DM  magnitude  is  9.0.  The  star  is  thus  seen  to  have  a  considerable  range  and  a 
fairly  rapid  rate  of  variation.    Its  place  for  1900  is — 

R.  V.    17"' 55- 25',    Decl. +  19°29'20", 
tbns  bringing  it  into  good  position  for  moroing  observation. 

A  NEW  ALGOL-TYPE  VARIABLB.-Froftator  W.  Ceraaki,  director  of  tbe 
Moscow  Observatory,  prints  the  following  note  in  No.  3614  of  the  Nacbricbten. 

"From  a  study  of  the  photographs  taken  by  my  asetatant,  M.  Blajke, 
Madam  L.  Ceraski  baa  found  a  new  variabk  in  the  position, 

R.A.ig"    40-    59'.7  Decl. +  32"    21'      6",    (1855) 

19      42      33  .4  +  32     27      34        (1900) 

The  position  was  found  from  one  of  tbe  plates,  the  coordinates  of  tbe  funda- 
mental stars  being  taken  from  the  Leyden  Zones. 

Studying  other  photographs  of  the  same  region,  M.  Blajke  has  found  that 
theatar  was  in  visible  on  4  plates,  and  on  15  it  was  constant  to  light,  makingit 
probable  that  it  belong*  to  the  Algol-type. 
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Od  the  16th  of  December  of  this  year,  at  5"  S**,  Moacow  Mean  Time,  M. 
Blajke  fouDd  tbe  star  fainter  than  uiaal,  the  mini- 
mam  had  taken  place  a  few  hours  before  and  it  was 
appro achiajt  normal  light. 

Prom  all  the  procediag  a  period  of  6^  0^  9" .4 
has  been  ded  need,  a  mi  aim  am  occurred  1399  Decem- 
ber 15,  23''.3,  Greenwich  Mean  Time,  the  error  in 
the  tninimam  may  reach  W,  that  of  the  period  will 
probably  not  exceed  O^.l. 

The  Bccompenyiag  chart  ahons  the  variable  and 
neighboring  stars." 

Scale  of  the  charts.*  The  chart  given  by  Ceraski 
is  about  T  by  8'.  Its  relation  to  the  DM  chart 
can  he  seen  by  the  stars  a  and  b.  which  are  let- 
tered on  both.  The  DM  chart  also  contains  the 
variable  x  Cygnl  at  19"  45"  C,  +  32°  3a' .0,  which 
is  now  risiog  towards  n 


The  pl< 


which  the  star  was  constantf  in  light  weA  taken— 


1)  1895  Sept.   2+  11°  50'»-13''  32™,  Moscow  Mean  Time 

2)  1895  Oct.    12  6  15-11  +5 

3)  1898  May   12  11  50     -  13  35 

4)  1898  July    29  12  20    -13  25 

The  variable  is  usually  about  the  10th  tDagoitude,  at  minimum  it  it 
magnitude  or  fainter. 

For  some  time  the  minimum  will  take  place  during  darlight,  wheD  it  ( 
be  observed. 


COMET  AND  ASTEROID  NOTES. 

Comet  a  1900  (Giacobini).— A  faint  comet  was  discovered  by  Giacobini 
at  Nice  on  Jan.  31  in  the  consteliatioa  Eridmus  about  10=  directly  south  of  tbe 
ataraCeti.  Its  motion  is  northwesterly  and  rather  slow.  No  elements  reached  ns 
until  Feb.  28,  when  the  elements  and  epbemeria  by  Perrine,  given  below,  were  re- 
ceived by  telegram  from  John  Ritchie,  Jr.,  Boston,  Mass.  As  seen  in  onr  16- 
inch  telescope  in  moonlight,  Feb.  5.  the  comet  was  exceedingly  faint  and  difficult 
to  observe.  Bad  weather  and  the  lack  of  an  ephemerii  prevented  later  observa- 
tions. 

Blbuents  of  Coubt  a  1900  dy  C.  D.  Fbrrinb. 

r  =  April  29.08,  1900  Gr.  M.  T. 
w  =    24°    37' 

Vi  =    40      25 

,■  =  146      25 

q  =  1.3289 


*  The  second  cut  was  lost  by  CDgraver  or  in  transit, 
t  Note.    This  seems  to  be  an  error  for  "invisible," 
able." 
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The  date  of  the  first  observation  used  ia  the  computation  was  Feb.  3  and 
the  interral  from  the  first  to  the  second  more  than  10  days,  and  from  the  second 
to  the  third  5  days.  The  elefneots,  therefore,  ought  to  be  fairly  reliable.  Tbe 
comet  according  to  the  ephemeris  is  now  in  tbe  neck  of  Cetns  and  nill  soon  en- 
New  ElementB  of  Asteroid  1898  EY.— Mr.  Otto  Knopf  gives  new  ele- 
ments of  this  planet,  in  Aatronotniscbe  Nacbriebtea,  No.  3621,  based  on  observa- 
tions on  the  dates  Dec.  7  and  29  and  Jan.  21 . 

Epoch  igoOJan.  0,0  Berlin  M.T. 

M=    19"    4.3'    24"  .01  <p=:*°    28'    33".5 

<B  =  322      58     41   .♦(  ,Qnnn         W  =  668".  1835 

li=:    89      55      39   .of  ^r"""  log*  =  0.433407 

/=    15      13     23   .gJ 

With  these  be  has  computed  the  following  ephemeris,  for  Berlin,  midnight; 

R.  A.  Dec.  logr  log^  Mag. 


43  '9 

45  46 

48  06 

SO  29 


2,1 

0.11 

2.1 

n-4 

^l 

^M 

n 

SI-" 

*3 

43.5 

GENERAL  NOTES. 


We  are  delayed,  again,  in  getting  some  important  illnstrationa  ready 
for  this  issue.  We  know  our  subscribers  would  be  better  pleased  if  we  were 
able  to  issue  our  publication  earlier.  We  are  trying  to  catch  up,  and  atill  hope  to 
do  so  for  the  April  number.        _^       _^ 

Beslnnlng'  of  the  Tvretitieth  Century.— It  is  astonishing  to  see  hon- 
thinlcing  people  are  confused  about  the  beginningof  the  twentieth  century.  There 
can  be  no  uncertainty  about  this,  if  it  is  remembered  that  there  is  no  zero  year  in 
our  calendar  before  tbe  Christian  era,  at  its  beginning  or  since.  Year  2  did  not 
begin  until  tbe  end  of  year  1.  year  20  did  not  begin  until  the  end  of  year  19;  hence 
year  1901  will  not  begin  until  tbe  end  of  year  1900.  We  are  not  yet  in  the  twen- 
tieth century.  _  

The  Nebalae  of  the  PlelB.tI«a.— Two  fine  specimens  of  the  recent  work 
of  the  Crossley  Reflector  in  photographing  the  Nebulae  of  the  Pleiades  have  just 
come  to  hand  by  favor  of  Professor  James  B.  Keeler,  Director  of  the  Lick  Ob- 
servatory, Mount  Hamilton,  California.  One  of  these  positives  is  the  Maia  Neb- 
ula, and  the  other  is  the  Merope  Nebula.  The  dark  background  of  each  positive 
covers  a  space  of  5  inches  square  in  each  picture.  One|or  both  of  these  fine  pict- 
ures will  appear  in  our  next  number. 
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Ray*  frvm  Brlxbt  Stars  in  Photoin*apha. — ProfcMor  B.  E.  Barnard, 
of  Yerkea  ObserTatory,  Williams  Bay,  Wiscoosit),  was  a  risitor  at  the  February 
meetiDg  of  the  Roydl  Astronomical  Society,  London,  England.  While  the  work 
of  reflecting  telescope!  was  under  discuMion,  ProfeaBor  Barnard  nas  asked  for 
fab  views,  being  cordially  welcomed  and  addressed  as  an  autbority  on  stellar 
pbotography.  In  reply  he  said:  "I  have  not  had  experience  in  tbe  use  of  the  re- 
flecting telescope,  but  I  bare  generally  had  tbe  impression  that  it  is  not  at  all 
comparable  with  the  refractor,  especially  for  visual  work;  but  tbe  things  that 
have  been  done  in  tbe  last  few  years  in  tbe  way  of  astronomical  photography 
with  tbe  reflector  have  led  me  to  think  that  when  properly  monnted,  as  Mr. 
Christie  has  said,  it  is  the  better  instrnment  for  taking  nebnix.  It  is  far  better 
than  tbe  refractor  for  that  work.  I  was  ranch  interested  in  the  very  beantiful 
picture  of  the  Pleiades,  and  there  was  one  thing  I  was  rather  struck  with.  I  do 
not  know  exactly  what  is  tbe  reason,  but  there  seems  to  be  a  total  absence  in 
this  particular  picture  of  tbe  obiectionable  rays  from  tbe  brighter  stars  that  are 
seen  in  tbe  photographs  made  with  the  reflector.  I  do  not  know  how  these  are 
got  rid  of,  but  I  believe  it  is  due  to  the  supports  of  the  small  mirror.  I  should  be 
glad  to  have  a  little  more  information  on  thi*  subject.  1  should  like  to  know 
why  the  bright  stars  in  the  field  are  not  accompanied  by  nebnlosity  and  how 
these  rather  objectionable  delects  have  been  f;ot  rid  of." 

In  reply  to  this  Dr.  Common  said:  "It  is  the  fact  that  two  supports  (to  the 
small  mirror)  produce  four  rays,  three  produce  six,  but  fonr  produce  four.  So 
you  can  have  four  supports  with  less  injury  to  tbe  image  than  with  three." 

We  learn  from  a  friend  that  Professor  Barnard  sailed  for  America,  Feb.  24. 


Com«(  a  1800  (Giacobini). — On  the  afternoon  of  February  1,  I  received  a 
telegram  from  Professor  Edward  C.  Pickering,  announcing  the  discovery  of  this 
comet.  Tbe  following  night  being  clear  and  dark,  I  observed  tbe  new  comet  with 
tbe  ten  inch  Clark  telescope  of  the  Bucknell  Observatory.  The  comet  was  pretty 
laiat.  1  could  just  glimpse  it  nith  the  three  inch  hader,  but  roy  four  inch  refrac* 
tor  showed  it  very  distinctly.  In  the  ten  inch  refractor,  it  appeared  small  and 
round  with  a  strong  central  condensation.  No  train  was  seen,  but  a  nucleus  was 
■napected.  I  saw  tbe  comet  again  on  February  2,  but  the  conditions  were  not  so 
good  as  they  were  on  the  previous  night.  Since  that  time,  I  have  not  seen  it, 
owing  to  clouds  and  moonlight.  No  observations  for  position  conid  be  made 
becanse  the  micrometer  is  not  in  working  order. 

BocKKBLL  UmVBRSiTV,  Lewisburg,  Penn.,  zaccheus  dakibi,. 

1900  February  16. 


Dawn  of  the  Twentieth  Ceotury.— "  The  first  people  to  live  in  the 
twentieth  century  will  be  the  Friendly  Islanders,  for  the  date-line,  as  it  may  be 
called,  lies  in  the  Pacific  Ocean  just  to  the  east  of  their  group."  writes  John 
Ritchie,  Jr.,  in  tbe  January  Ladies' Home  Journal,  of  "Where  the  next  century 
will  really  begin."  "At  that  time,  although  it  will  be  already  Tutsdaj  to  them, 
all  the  rest  of  the  world  will  be  enjoying  some  phase  of  Monday,  the  last  day  of 
the  nineteenth  century  [December  31, 1900J.  At  Melbonrae  the  people  will  be 
going  to  bed  (or  it  will  be  nearly  ten  o'clock ;  at  Manila  it  will  be  two  hoars 
earlier  in  the  evening;  at  Calcutta  the  EngliBh  residents  will  be  sitting  at  their 
Monday  afternoon  dinner,  for  it  will  be  about  six  o'clock ;  and  in  London, '  Big 
Ben,'  in  the  House  of  Commons,  will  be  striking  the  hour  of  noon.  In  Boston, 
New  York  and  Washington  half  the  people  will  be  eating  breakfast  on  Monday 
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morning,  wbile  CbicaKO  will  be  barelj  coaBcious  of  the  dawn,  it  the  flame  mo- 
ment San  Francisco  will  be  in  the  deepest  sleep  of  what  is  popularly  called  Sun- 
day night,  though  reallj  the  earl;  dark  houra  of  Mondaj  morning,  and  half  the 
Pacific  will  be  wrapped  in  the  darkness  of  the  same  momiog  hours,  which  be- 
come earlier  to  the  west,  until  at  Midway  or  Brooks  Island  it  will  be  but  a  few 
minute*  past  midnight  of  Sunday  night." 


Five  Years  of  Sun  Spots  —Late  in  the  fall  of  1894  onr  telescope  was 
r-       ■«  »«  K        -W       **     mounted.    Soon    afterward  we  began   ob- 

-       *.         >*,        *-       V       ]^     serriog  sun  spots,  and  making  record,  of 
>       ««         da         -t        -V       '^     the  aninber  seen  at  each  observation. 

The  record  has  many  breaks,  as  to  its 
continuity,  but  possibly  it  is  worth  pre- 
serving. 

The  record  which  is  given  below  was  be- 
gun Jau.  1,  1895  and  closed  the  last  of 
Dec.,  1899. 

No.  of  Averaf[«  No. 

Observailons.  al  Spoo. 


-O  0.t  J898  105  U 

SuK  Spot  Curvk.  ^^^^  38  G 

Drake  UkivbrsiTY,  Des  Moines,  la.  w.  a.  csusbhburv. 

Mme.  Ceraskl's  Second  Algol  Variable.— Another  remarkable  van- 
■able  star  of  the  Algol  class  has  been  discovered  by  Mroe.  Ceraski,  and  is  an- 
nounced in  the  Astroa.NacA.  151,223.  The  position  for  1900  is  R.  A.  =  19'' 
42".T,  Decl.  =  +  32°  28'.  From  an  examination  of  the  Draper  Memorial  pho- 
tographs of  this  star,  it  appears  that  while  the  star  has  its  full  brightnesa  on  45 
of  them,  on  several  of  the  early  pbotoicraphs  it  is  so  faint  that  they  must  have 
been  taken  when  the  star  was  near  minimum.  The  Moscow  photoitraphs  fur- 
nish the  means  of  determining  the  period  from  an  interval  of  four  years,  the 
Harvard  photographs  increase  this  interval  to  nine  years.  The  following  table 
gives,  in  the  first  seven  lines,  the  results  derived  from  the  Harvard  photographs; 
the  next  four,  the  results  of  the  Moscow  photographs;  and  the  last  line  gives  the 
estimate  of  M.  Blajko.  The  times  of  minima  as  found  by  Professor  Ceraski 
may  be  expressed  by  the  formula  J.  D.  2,415,004.971  +  6'.0065  B.  Measures 
of  four  Harvard  photographs  when  the  star  had  its  full  brightness  gave  the 
{Aotograpbic  magnitudes.  11.00,  10.80,  10.74,  and  10.79;  mean  10.83.  The 
Tahie  of  E,  derived  ftvm  the  above  formula ;  the  year,  month  and  day;  the  Green- 
wich Mean  Time  of  the  middle  of  the  exposure;  the  corresponding  time  ex- 
pressed in  Julian  Days  and  decimals;  and  the  duration  of  the  exposure  in  min* 
utea  are  given  in  the  first  five  columns  of  the  table.  The  sixth  column  gives  the 
photographic  magnitude,  and  the  seventh,  the  phase  (computed  by  means  of  the 
formula  mentioned  above.  The  error  in  the  ephemcris  is  given  in  the  eighth  col- 
nmn,  and  is  derived  from  an  approximate  light  curve.  It  appears  that  the 
period  IS  too  long  by  about  0".6,  and  if  this  correction  ia  applied,  the  errors 
kave  the  values  given  in  the  ninth  column.  The  tenth  column  gives  the  mean 
photographic  magnitude,  during  the  entire  time  of  exposure,  derived  from  the 
corrected  epheneris  and  light  curve. 
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It  appears  hoai  tbis  table  that  while  the  formula  dC  Proleasor  Ceraski  Beti»- 
fiea  all  the  later  observation!,  it  is  not  confirmed  by  the  earl;  observations.  For 
instance,  according  to  this  formnla  the  star  sboald  have  had  nearlj  its  full 
brightnesson  the  first  three  photographs.  On  the  other  hand,  all  the  obserra- 
tions  are  satisfied  bj  the  corrected  (ormnia,  in  which  the  period  is  S**  0*>  S^.S, 
As  soon  as  we  obtain  nccnrate  observationa  of  subsequent  minima,  these  com- 
bined with  the  photographs  taken  in  1890,  will  give  a  much  more  precise  form- 
ula. A  comparison  of  the  sixth  and  tenth  colomns  shows  that  the  observed  and 
computed  magnitudes  differ  in  one  case  only  by  more  thau  one  tenth.  A  slight 
defect  partially  covers  the  image  of  the  variable  on  the  second  plate  taken 
August  1, 1S90,  and  thus  renders  Ihe  measured  valae  too  bright.  The  period 
dilTers  so  little  from  exactly  6  days  that  for  a  long  time  the  minima  cannot  be 
observed  in  certain  longitudes.  Accordingly,  while  valuable  observations  may 
be  obtained  next  autumn  in  Europe,  or  better  still  in  Asia,  minima  cannot  be  ob- 
served in  America  until  the  following  year. 

Five  stars  of  the  Algol  class,  S  Cancri,  U  Cephei,  W  Delphini,  +  ■t5''3062, 
and  the  star  here  discussed  are  especially  interesting,  owing  to  the  laigevaria- 
tion  in  their  light,  which  amounts  to  about  two  magnitudes  in  each  case.  It  is 
remarkable  that  two  of  these  were  found  by  Mme.  Ceraski,  and  one  by  her  dis- 
tingnisbed  husband. 

Harvard  Collsgb  Obsbrvatorv  Circular  No.  47. 
February  12. 1900, 


Liconid*  Seen  at  Scott  ObBervator?,  Park  College,  Novembet, 

ISOS.—November  13.  Sky  was  overcast  with  heavy  clouds  from  midnight  till 
daylight.    No  meteors  were  visible. 

November  14.  A  heavy  fog  overhung  the  landscape  from  midnight  till  two 
o'clock,  when  it  began  to  settle  down,  though  a  thin  haze  prevailed  all  over  the 
akv  till  half  past  four  o'clock,  Central  Standard  Time.  Prom  that  time  till 
dawn,  which  came  about  six  o'clock,  the  sky  was  reasonably  clear.  For  the  rec- 
ord made,  see  anoexed  pages. 

November  15.  Thio  baxy  clouds  prevailed  all  night.  At  times  thcae  were  so 
dense  that  not  even  the  Moon  was  visible  through  thetn;  then,  again,  star*  aa 
bright  OS  Regnlus  or  Aldebaran  would  show  dimly;  and,  very  rarely,  y  and  ■ 
Leonin  would  ahow  quite  distinctly.  Stars  of  fifth  magnitude  conid  not  be  sesa 
at  any  time  daring  the  niKht. 

November  16.    Heavy  doods  spread  over  the  sky.  Rain  cane  once  and  light- 
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niog  plajed  Treqneiitly.  The  cloudi  began  to  break  away  abont  half  past  fire 
o'clock,  and  for  a  few  miotitcs,  once  just  before  6;30  and  again  just  before  tix 
o'clock,  the  "aickle"  in  Leo  came  into  view. 


Chart  op  Leonids. 
By  Professor  S.  P.  Bracket!,  Park  College,  \ 


.,  Noi 


13-16, 1899. 


November  17.  Tbc  sky  was  tolerably  dear  from  midnight  till  three  o'clock 
and  from  that  time  till  full  daylight  as  clear  as  it  could  possibly  be. 

On  all  these  nights  a  large  force  of  watchers,  composed  of  students  in  the 
Junior  class, of  Park  College,  Toltmteered  their  serricca  and  assisted  the  writer  in 
carefnlly  kept  observationa.  Probably,  in  all,  a  doxen  small  meteors,  nearly  or 
quite  all  distant  from  the  radiant,  were  ignored  and  no  record  kept  of  them. 
Some  of'these  t^ame  from  the  direction  of  the  radiant  but  most  of  them  did  not. 
The  writer  most  gladly  attributes  a  large  portion  of  the  success  (small  as  it  was    - 
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on  acconnt  of  clonda]  to  the  efficient  help  rendered  bj  tbe  johdk  ladiea  and  gen- 
tlcmeit  of  tbe  student  body,  Jnniorm  and  Seniors  in  Park  College.  Tbe  fbllowiag 
ii  tbt  record: 

Scott  ObtCTTatory  is  in  Lat.  +  39°  03'  18"  and  Long.  M"  41'  26"  W. 


Time.  Cuiot. 


35    50 

3?    o6 
37    45 


Tuesday  Night. 


>5    46 
15    55 


34  OS 

34  30 

35  05 

36  55 

36  S7 

37  45 

38  *S 

39  06 
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56  34 

56  5» 

57  03 

58  04 


Wednbbdav  Night. 


36  04 

58  17 

14  58  56 

15  03  48 


47 

44 

(6     M 

19 

[7     01 

4S 

47 

04 

38 

TuusaDAV  Night. 
Cloudy  till  nearly  dawn. 


L  17    !i6    49 

Pkidav  Night. 
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SI     OS  B  I  L 

Meteors  iMD  Tundaj  nigbt 134 

"         "     Wednesday  night 61 

•'  "     Thnnday  niRht 2 

"  "      Friday  nitcbt 29 

Total 226 

Probably  from  a  dozen  to  twenty  meteors  fell,  but  so  lar  from  the  radiant 
that  no  record  was  kept  of  tbetn.  p.  p.  brackbtt. 

Bnlfelln  of  Geog:raphy.—" Bulletin  of  the  American  Bureau  of  Geogra- 
phy" ie  the  name  of  a  new  publication  which  is  issued  under  the  direction  of 
Edward  M.  Lehnerts  of  the  State  Normal  School.  Winona,  Mian.  The  first 
number  of  this  quarterly  magazine,  which  is  dated  for  March,  1900,  presents 
a  very  creditable  appearance.  The  number  of  associate  editors  and  tbe  conteats 
of  this  initial  number  certainly  give  promise  of  large  usefulness  in  its  chosen  field. 

We  are  especially  interested  in  the  article  under  the  title  "The  points  of  the 
compass,  and  theseasons  in  teaching  Geography  in  the  grades,"  by  Profi.ssor  John 
M.  Rolzinger.  His  simple  illustrations  of  prominent  constellations  of  stars,  and 
a  method  of  copying  and  relating  bright  stars  in  them  is  worthy  of  notice. 

Fopnlar  Articles  on  Astrotiamical  Sabject«.— The  unusual  interest  in 
popular  articles  on  aitronomical  subjects  is  very  noticeable  in  recent  years.  In 
view  of  this  it  has  seemed  to  us  wise  to  give  larger  place  to  them  in  tbe  fntnre. 
In  the  past  two  things  have  stood  partially  in  the  way  of  this;  (1)  The  need  of 
students  more  or  less  advanced  in  the  study  of  astronomy  who  have  asked  for, 
and  have  needed,  snch  articles  as  Dr.  J.  Morrison,  of  Washington,  has  furnished 
from  time  to  time;  and  (2)  the  dilticulty  of  gettine  good  popular  matter.  We 
have  partly  overcome  these  hindrances. 

Queries  and  Short  Ansvrera.— 1.  Please  inform  one  who  withes  to 
know  something  about  Astronomy,  what  book  or  books  would  be  beat  to 
get.  c    B.  T. 

Answer.  For  a  beginner.  Todd's  Stars  and  Telescopes  published  by  Little, 
Brown  &  Co.,  Boston;  Holden's  Elementary  Astronomy.  Henry  Holt  &  Co., 
New  York;  Howe's  Elements  of  Descriptive  Astronomy,  Silver  Burdetl  &  Co., 
Chicago;  Howe's  Study  of  the  Sky,  Flood  and  Vincent.  Meadville,  Penn.; 
Young's  Lessons  in  Astronomy,  Ginn  &  Co.,  Chicago,  are  a  few  ol  the  recently 
published  good  books.     Prices  can  be  obtained  by  writing  10  the  publishers. 

2.  Does  tbe  top  of  a  wagon  wheel,  when  rolling  on  tbe  ground,  go  faster 
than  the  bottom?  h.  s. 

A.    Yes,  if  the  motion  of  the  two  points  is  thought  of  in  relation  to  a  tine 
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pttralM  to  the  groaaA.    No:  if  thoogltt  of  in  relation  to  tbe  center  of  the  wheel. 

3.  ir  ft  stick  two  feet  loag,  and  three  inches  in  diameter  at  one  end,  be 
shared  down  to  a  true  point  t>t  the  other  end,  then  balanced  it  on  a  knife-edge, 
and  cat  into  two  piece*  on  the  line  of  balance,  which  part  will  weigh  the  more? 

A,    Bach  part  weigba  the  same. 

4.  Does  the  MiMiMippi  river  run  np  hill?  It  does,  if  the  law  of  gravitation 
is  trae.  E. 

A.  It  certainly  is  tme  that  the  month  of  the  Miaussippt  riTcr  is  farther 
from  the  center  of  the  Garth  than  its  sonrce;  jnst  how  mach  we  do  not  now  stop 
to  inquire,  bat  when  the  effect  of  the  rotation  of  the  Earth  and  other  coodittons 
that  enter  into  its  Btrncture  are  considered,  the  fact  that  tbe  river  rant  •OOth  and 
not  north  no  more  disproTe*  the  law  of  graTilation  than  if  it  ran  north,  tinlCM 
it  can  be  shown  certaial;  that  the  law  of  KTBvitation  requires  tbe  river  to  flow 
northward  instead  of  southward.  Tbe  attempts  that  have  been  recently  made 
to  disprove  tbe  law  of  gravitation  in  this  waj  that  we  have  seen  depend  on  very 
weak  and  fanlty  mathematics.  It  is  like  trying  to  polish  &  diamond  point  with 
a  broad  ex.    Well-meaning  students  need  instruction  in  mathematics. 
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THE  VARIATION  OF  LATITUDE  AT  NEW  YORK,  AND  A   DE- 
TERMINATION OF  THE   CONSTANT  OF    ABERRATION 
FROM  OBSERVATIONS  AT  THE  OBSERVATORY 
OF  COLUMBIA  UNIVERSITY. 

J.  K.  REBS. 
POR  PorcLAB  Abtsonomt. 

In  1892  the  Columbia  University  Observatory  completed  its 
arrangements  with  Professor  Em.  Fergola,  Director  of  the  Royal 
Observatory  at  Capodimonte,  Naples,  for  making  a  series  of  ob- 
servations to  study  the  variation  of  latitude.  The  Naples  Ob- 
servatory was  selected  because  its  latitude  differed  only  3  min- 
utes of  arc  from  that  of  the  Observatory  at  Columbia.  The  reg- 
ular Observatory  of  the  University  was  then  situated  in  the 
middle  of  the  block  bounded  by  49th  and  50th  Streets  and  Madi- 
son and  Fourth  Avenues,  New  York  City.  This  Observatory 
was  on  top  of  the  library  building  of  the  University,  and  within 
250  feet  of  the  New  York  Central  and  New  Haven  Railroad 
tracks.  In  1892,  the  trustees  of  the  University  purchased  the 
new  site  on  Morningside  Heights,  occupied  at  that  time  by  the 
Bloomingdale  Insane  Asylum.  The  Director  of  the  Observatory 
was  able  to  interest  the  authorities  of  the  Asylum,  and  although 
the  property  did  not  at  once  pass  under  the  control  of  the  trus- 
tees of  Columbia,  the  Asylum  trustees  allowed  the  building  of  a 
little  latitude  Observatory  on  the  grounds.  The  new  site  was 
further  north  than  the  old  Observatory  and  also  provided  a 
place  not  disturbed  by  railroads.  Here  was  erected  in  the  fall  of 
1892  a  small  circular  building  of  brick  about  twelve  feet  in  di- 
ameter, having  in  its  roof  a  proper  slit  for  meridian  observa- 
tions. In  the  building  was  placed  a  zenith  telescope  built  by 
Wanschaff,  of  Berlin,  under  the  general  direction  of  Dr.  Albrecht, 
of  Potsdam.  Dr.  Albrecht  also  consented  to  examine  the  instru> 
ment  before  it  was  shipped.  The  Wanschaff  zenith  telescope  has 
an  aperture  of  80  millimeters,  and  a  focal  length  of  1  meter.  It 
is  provided  with  two  latitude  levels.  The  illumination  is  electric. 
The  instrument  was  in  place  and  ready  for  observation  about 
April  1st,  1893.  Inasmuch  as  all  of  the  ofHcers  connected  with 
the  Observatory  were  charged  with  daily  work   in   the  Uni- 
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Tcrsity,  it  made  it  impossible  for  one  person  to  do  all  the  work 
of  observing.  Moreover,  during  the  summer  the  Astronomical 
Department  conducts  a  summer  class  which  occupies  nearly  the 
whole  time  of  two  of  the  three  officers.  It  was  decided,  there- 
fore, to  divide  the  work  of  observing  among  three  persons,  and 
observations  were  made  every  clear  night.  During  the  first  year 
and  a  half  all  observers  lived  about  three  miles  away  from  the 
latitude  Observatory,  and  it  was  necessary  to  make  arrange- 
ments to  sleep  at  the  Asylum.  Dr.  Lyon,  the  superinteodeat  of 
the  Asylum,  gave  us  every  facility  and  comfort.  Later  on  when 
the  Asylum  buildings  were  torn  down  to  make  way  for  the 
new  University  buildings,  other  arrangements  had  to  be  made. 

In  December,  1895,  the  latitude  Observatory  had  to  be  moved 
to  make  way  for  one  of  the  University  buildings.  The  new 
resting  place  was  several  hundred  feet  north  and  west  of  the 
first  position,  to  which  it  was  connected  by  a  carefully  executed 
survey. 

The  two  Observatories  here  and  in  Naples,  being  on  very 
nearly  the  same  parallel  of  latitude,  were  able  to  use  the  same 
stars.  Four  groups  of  stars  were  selected,  seven  pairs  of  stars 
in  each  group,  and  they  were  so  arranged  that  the  observations 
could  be  made  for  a  determination  of  the  constant  of  aberration 
by  Kiistner's  method.  The  foregoing  table  gives  the  list  of  stars 
observed. 

From  May  1st,  1898,  to  July  1st,  '94,  the  observations  were 
made  every  clear  night.  After  the  latter  date  it  was  decided  to 
observe  four  clear  nights  each  half  month,  whenever  possible. 
All  of  the  observations  were  made  by  J.  K.  Rees,  H.  Jacoby,  and 
H.  S.  Davis. 

For  the  purpose  of  reduction  our  observations  were  divided 
into  four  series  as  follows : 

Series  A.    April  34.  1892  to  Julv,  1894 818  pairs  hj  Reea. 

302  '■  "  Jacoby. 

654  "  "  Davis. 

"      B.    Jaly  1894  to  Jan.  1896 771  "  "   Bees. 

310  '■  "  Davis. 

■'     C.    Jan.  1896  to  Jan.  1898 1065  "  "Rees. 

774  "  '■  Davis. 

"     D.   Jan.  1898  to  Dec.  1899 951  "  "Rees. 

873  "  "   Davis. 

Total  pairs 6318 

This  table  shows  the  individual  observers  to  have  measured: 

Bees S60S  pairs 

Jacob; 302      " 

Davis 2611       " 

Total 6518 
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The  record  shows  that  obserTations  were  taken  on  758  nights. 
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The  computations  give  the  following  table*  and  curve  which 
show  the  variation  of  latitude. 

The  curve  required  by  Dr.  S.  C.  Chandler's  formula  {Ast.  Jour., 
No.  446)  is  shown  in  the  dotted  line.  Prom  1896  the  observed 
epochs  of  maxima  and  minima  follow  the  computed  in  time. 

Dr.  Chandler  writes  me  that  "on  account  of  the  different  com- 
binations of  the  observers  participating  at  various  times,  there 
are  doubtless  constant  differences  of  zeros  in  the  observed  curve 
at  difTerent  epochs,  which  would  bodily  shift  the  latter  up  or 
down,  over  certain  intervals.  However  the  noticeable  sys- 
tematic differences  of  the  observed  and  computed  curves  (nota- 
bly from  1896  to  1898  where  the  observed  epochs  of  maxima 
and  minima  distinctly  follow  the  computed  in  time)  are  un- 
doubtedly real,  as  well  as  extremely  interesting.  In  my  opinion 
they  are  referable  to  the  fact  that  the  aanaal  ellipse  is  not  sta- 
tionary, but  that  its  line  of  apsides  is  retrograding  several  de- 
grees annually,  as  I  have  pointed  out  in  my  articles  in  various 
places  (see  especially  Ast.Joarnal  No.  446  where  1  have  summed 
up  the  evidence) .  Of  coarse  the  law  of  this  revolution  is  not  yet 
,  sufficiently  demonstrated  to  justify  its  being  incorporated  in  the 
formula  which  is  hence  based  on  a  constant  position'  of  the  el- 
lipse (03=  39°. 6);  that  is,  the  inclination  of  the  major  axis  of  the 
annual  ellipse  is  assumed  as  40°  east  of  Greenwich,  although 
the  evidence  is  sure  that  it  is  backing  around,  so  that  it  is  now 
(1898-99)  somewhat  west  of  Greenwich.  The  fuller  and  more 
satisfactory  investigation  of  this  phenomenon  must  await  the 
accumolaiion  of  two  or  three  years' observations.  By  1902  or 
1903  I  tbink  it  can  be  clearly  apprehended,  and  formulated;  not 
before.  Another  interesting  fact  is  that  your  later  observations 
confirm  what  your  and  other  series  earlier  indicated,  namely, 
that  the  dimension  of  the  fourteen  months' circular  motion  has 
progressively  diminished  since  1890.  This  is  so  well  established 
that  it  was  embodied  in  thf  formula  some  years  ago."  Nearly 
every  element  entering  into  this  motion  of  the  pole  is  variable. 

The  four  series  of  observation  gave  the  foregoing  values  of  the 
Aberration  Constant: 

SericB  A.  20."4566  weight  18 

B.  20.  4625  '-      16 

C.  20.  4695  '■      26 

D.  20.  4704  ■'      27 

Taking  the  probable  error  of  a  single  latitude  observation  as 

*  The  prcTiona  publications  wilt  be  found  in  The  Aatroaoatieai  Journal  Nob. 
401, 461,  474.  In  tbew  paper*  the  aieBn  latitude  is  taken  (or  each  ■eriei  and 
not,  as  ID  this  caM,  for  the  whole  time. 
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O'MS  gives  Constant  of  Aberration  20".464  ±  0".006. 

Pergola  obtained  a  valne,  corresponding  in  time  to  our  Series 
A,  of  20".53,  using  the  same  stars  and  tbe  same  methods  of  n~ 
duction. 

Harkness  in  his  work  on  "The  Solar  Parallax  and  its  related 
Constants"  (1891)  gives  the  values  of  the  constant  of  aberra- 
tion determined  between  the  years  1817-1888,  and  from  his  dis- 
cussion of  these  values  gets  20".466  ±  O.Oil.  Newcomb  in 
1895  published  his  book  on  "Astronomical  Constants"  in  which 
he  gave  the  values  of  the  aberration  constant  down  to  1894. 
He  divided  the  results  into  two  classes:  A,  standard  Pulkova 
determinations,  and  B,  other  determinations.  The  separate  re- 
sults he  weighted  and  obtained 

Mean  renlt  from  A  20.493  ±  0".011 
B             20.*63  ±  0  .013 

The  first  result  is  almost  "identical  with  that  found  by  Nyrfn" 
in  1883:  this  was  20".492  ±  0".006  and  was  not  included  in 
list  A  or  B. 

These  results  were  all  obtained  on  the  assumption  of  a  con- 
stant latitude.  Dr.  Chandler  has  rediscussed  and  obtained  quite 
different  results.  The  Paris  Conference  of  May  1896  adopted 
the  value  of  20".47. 

Daolittle's  results  gave  him  a  mean  value  of  20". 580  from  ob- 
servations made  1S96-1S98:  Pergola  obtained,  as  stated  above, 
at  Naples  the  value  20". 533.  Finlay  at  the  Cape  of  Good  Hope 
obtained  the  value  20".57  and  at  Berlin  and  Strassburg  have 
been  obtained  the  values  20".511  and  20".475. 

The  value  20",47  corresponds  to  the  value  of  solar  parallax 
of  8".8033,  while  20".53  gives  8".7773. 

The  differences  in  the  various  results  obtained  indicate  plainly 
that  we  must  wait  some  time  longer  for  a  definitive  value  of  the 
aberration  constant. 


PHOTOGRAPHS  OF  THE  ZODIACAI<  LIGHT. 

A.  B.  DOUGLASS. 


Fob  Popular  A 

The  experiments  which  resulted  in  the  accompanying  photo- 
graphs  of  the  zodiacal  light  were  the  outcome  of  long  continued 
interest  in  the  subject  of  the  gegenschein  and  zodiacal  light  and  a 
desire  to  render  less  fatigueing  and  more  accurate  the  observa- 
tion of  those  faint  lights.    Contours  of  the  zodiacal  light  drawn 
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by  hand  on  about  two  hundred  different  nights  had  shown  the 
defects  and  difficulties  of  that  method  of  recording  observations. 
Perhaps  the  chief  of  the  defects  was  the  almost  invariable  inter- 
ference of  stellar  light ;  yet  that  was  not  the  only  important  one, 
for  the  very  first  result  of  these  photographs  was  to  show  that 
in  estimating  a  visual  contour  one  is  apt  to  mistake  ease  in  dis- 
tinguishing the  zodiacal  cone  at  any  given  point  for  actual  inten- 
sity at  that  point  and  therefore  the  cootours  of  equal  brightness 
are  prolonged  along  the  axis  too  far  away  from  the  Sun  and  hor- 
izon light.  After  seeing  the  photographs  this  eiToneous  tendency 
was  actually  found  to  exist. 

The  inherent  difficulties  in  the  old  method  lie  in  the  long  time 
required  to  get  p<'rfectly  acquainted  with  standard  reference  stars 
and  the  advantage,  that  amounts  almost  to  necessity,  in  making 
records  in  the  dark.  Even  an  old  hand  at  this  work  will  fre- 
quently be  obliged  to  make  use  of  some  star  whose  name  he  does 
not  know  and  willliaveto  describe  its  place,  as  well  as  that  of 
the  zodiacal  light,  on  paper  which  he  can  barely  see  resting  in  his 
hand. 

The  first  effort  to  improve  upon  the  method  of  observation  con- 
sisted in  designing  a  machine  which  could  automatically  record 
the  contours  directly  on  a  star  map,  and  a  rough  model  of  this 
contrivance  gives  entire  promise  of  success.  But  as  this  was  not 
put  into  actual  practice  attempts  were  made  to  succeed  by  pho- 
tography. Many  attempts  have  been  in  this  line  elsewhere,  but 
without  success.  Of  these  one  was  by  myself  while  in  South 
America  (in  1891, 1  think)  and  another  has  since  then  been  made 
at  that  same  station.  The  early  work  at  Flagstaff  was  equally 
without  result.  But  after  repeated  trials  success  was  at  once  at- 
tained when  the  very  simple  idea  of  using  ordinary  positive  visual 
eyepieces,  which  combine  very  short  focus  with' relatively  large 
aperture,  occurred  to  me  and  was  tested  and  from  that  time  on 
constantly  improving  results  have  been  obtained.  The  most  suc- 
cessful lens  and  the  one  by  which  the  illustrations  for  this  article 
were  taken,  is  a  combination  lens,  put  together  and  mounted  by 
Mr.  Cogshall,  who  has  done  practically  all  of  the  photographic 
work.  This  lens  seems  to  give  a  combination  of  fiat  and  large 
field  and  very  great  light- transmission  that  surpasses  any  other 
apparatus  that  we  have  tried,  and  among  those  tried  the  one 
marked  "Clark;  Special"  in  the  list  below  is  a  "solid"  achro- 
matic lens  cut  on  the  Fraunhofer  curves.  The  following  list  de- 
scribes briefly  the  various  lenses  tried  by  Mr.  Cogshall  and  gives 
a  summary  of  our  experiments: 
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Rochester  Optical  Co,  Rap.  Rect 8  +  " 

H.  &  B.J.  Dale,  London.    (A  hand  camera) B  -|-  " 

"W.  A,  C.  Pinhole"  Camera 3 

Zeiss  Planar  Seriea  la.    By  Bauach  and  X^mb 1%   " 

Eyepiece;  Brasfaear _ 1       " 


...IGinctaea       2  inches. 


"     "Special" 2  +  " 

"  Combination ; "  p»rt  made  in  faris  and  part  by 

Clark;  combined  by  W.  A,  C 1.3    " 


After  obtaining  real  photographs  the  first  step  was  to  make 
sure  that  there  was  no  deception.  Some  of  the  views  taken  as 
long  ago  as  May,  1899,  were  really  exceedingly  good  but  had 
some  trifling  defect,  which  threw  a  slight  doubt  on  their  genuine- 
ness. But  they  wewe  repeated  many  times.  Finally  a  very  thor- 
ough test  for  ghosts  or  other  concentration  of  light  in  the  fields 
of  the  chieflenses  used,  was  made  by  trial  exposures  on  such  ob- 
jects as  landscapes  and  ruled  paper,  by  daylight,  the  side  of  a 
house  by  moonlight,  and  the  sky,  by  day  and  by  night.  No  gen- 
uine irregularity  or  concentration  of  light  could  be  found  in  the 
fields  over  an  area  considerably  greater  than  the  entire  portion 
of  sky  shown  in  our  illustrations,  end  the  photographs  were 
therefore  accepted  as  real.  (Let  me  here  explain  that  while  tak- 
ing the  photograph  of  October  7,  a  pasteboard  tube  supporting 
the  lens,  projected  too  far  inside  the  camera  and  cut  down  the 
field ;  this  efft^rt  shows  conspicuously  in  the  original  negative.) 

The  first  conclusions  drawn  from  these  photographs  are  that 
the  axis  of  greatest  density  is  very  indefinite  and  that  the  photo- 
graphic contours  of  the  apex  of  the  zodiacal  cone  are  far  more 
rounded  in  form  than  the  visual  ones  are  usually  represented; 
and,  as  stated  above,  I  am  inclined  to  think  this  same  roundness 
is  really  true  of  the  visual  outlines. 

Another  conclusion  and  one  of  much  interest  to  the  experi- 
menter, is  one  that  cannot  be  derived  from  our  illustrations  but 
has  been  found  to  hold  true  on  other  photographs.  It  is  that 
with  this  form  of  camera  the  zodiacal  light  makes  an  impression 
on  the  sensitive  plate  more  readily  than  equally  bright  regioi<s  of 
the  Milky  Way, 

The  horizon  light  does  not  appear  to  effect  these  photographs. 


.y  Google 


PLATE  VIII. 


October  T*  16"  ao"  —  ry""  is" 


October  14''  iff'  15*"  —  17*  ao" 
and  October  IS*  16''  16"  —  i?""  so" 


Photographs  of  the  Zodiacal  Light  in  Leo. 


Popular  Astronomy,  No.  74. 


Lowdi  bbscrvalory,  1899. 
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Of  course  they  are  not  allowed  to  continue  when  the  horizon 
light  is  very  strong.  Nor  am  I  sure  that  the  atmospheric  absorp- 
tion materially  affects  the  intensity  of  the  light  near  the  horizon, 
since  lessened  exposure  on  the  lower  edges  will  account  for  the 
faintness  in  that  region. 

Finally  in  these  photographs  of  the  zodiacal  light  in  Leo,at  a 
distance  of  about  S°  from  the  ecliptic,  the  intensity  of  the  light 
fades  much  more  rapidly  on  the  southern  side  than  on  the  north- 
ern. This  effect  may  be  partly  due  to  atmospheric  absorption 
but  as  the  axis  of  the  cone  in  this  instance  is  inclined  over  70°  to 
the  horizon,  I  am  inclined  to  believe  this  a  real  effect  due  to  the 
form  and  position  of  the  great  lenticular  mass  of  particles  which 
cause  the  zodiacal  light. 

Lowell  Observatory, 
February  26,  1900. 


ATTRACTION  AND  THE  FIGURE  OP  THB  BARTH. 


From  time  to  time  so  many  questions  are  asked  about  the  law 
of  gravitation,  its  history,  its  development  and  its  applications, 
that  it  has  seemed  best  to  try  to  answer  some  of  them,  in  a  gen- 
eral way,  and  in  popular  language,  for  the  benefit  of  some  readers 
who  have  not  the  knowedge  of  the  higher  mathematics  that  will 
enable  them  to  read  the  works  of  standard  authors  on  these  diffi- 
cult themes. 

We  have  decided  to  do  this  now  because  we  have  seen  lately, 
more  then  ever  before,  something  of  the  waste  of  time  and  money, 
by  people  of  good  minds,  who  apparently  have  not  pursued  the 
branches  of  mathematics  and  physics  far  enough  to  fit  them  for 
the  study  of  such  questions,  either  for  their  own  benefit  or  for  the 
instruction  of  others;  much  less  are  they  qualified  to  write  books 
on  new  theories  of  attraction,  or  to  set  up  claims  that  the  law  of 
gravitation  is  not  true,  because  some  of  its  applications  are  not 
proved,  or  seem  to  be  false,  as  determined  by  methods  of  algebra, 
geometry  and  trigonometry. 

The  history  of  the  law  of  gravitation  is  so  closely  connected 
with  that  o(  the  figure  of  the  earth  that  the  consideration  of  the 
one  necessarily  involves  that  of  the  other;  so  we  begin  with  a 
brief  account  of  the  views  held  by  some  ancient  people  of  renown 
about  the  shape  or  figure  of  the  earth. 
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In  very  early  times  the  prevailing  view  seems  to  have  been  that 
the  surface  of  the  earth  was  flat ;  that  the  earth  itself  was 
bounded  by  an  ocean  of  unknown  extent,  and  that  the  great  sea 
was  limited  by  the  visible  horizon ;  that  the  sun  rose  in  the  morn- 
ing out  of  this  great  ocean  and  each  evening  set  in  it.  It  is  but 
natural  to  think  that  the  first  people  of  earth  should  believe  that 
the  relation  of  things  on  so  large  a  scale  as  that  visible  to  the 
eye  should  indeed  be  exactly  as  they  appear,  and  that  the  earth 
and  the  heavens  were  the  whole  of  the  universe. 

The  Chaldean  opinion  of  the  shape  of  the  earth  was,  however, 
unexpectedly  peculiar.  They  believed  that  it  was  like  the  half  of 
an  orange,  with.the  curved  side  upwards,  but  it  does  not  appear 
onwhattheflat  sideof  the  orange  rested.  The  Chaldean  astrono- 
mers supported  their  belief,  as  they  supposed,  by  scientific  argu- 
ment, as  we  are  told  in  Lenormant's  Chaldean  Magic,  page  150. 
Such  proofs  as  they  could  frame  would  nut  be  certain,  however, 
because  the  scholars  of  those  times  did  not  have  sufficient  knowl- 
edge of  physical  laws  for  a  sound  basis  in  reasoning  on  such 
questions.  Some  writers  are  inclined  to  make  an  exception  to 
this  view  in  the  case  of  the  Chinese  whose  definite  records  of 
eclipses  go  back  as  far  as  800  B.  C,  because  they  knew,  it  is 
claimed, that  the  sun  and  the  heavenly  bodies  were  visible  to  peo- 
ple towards  the  east  sooner  than  to  those  further  west.  This 
they  must  have  known  could  only  be  due  to  the  curvature  of  the 
earth.  This  view  is  somewhat  strengthened  from  naked-eye  ob- 
servations of  the  sky,  day  or  night.  These  early  people  must 
have  noticed  its  spherical  shape  by  day,  and  they  would  also  ob- 
serve the  daily  motion  of  prominent  star  groups,  we  call  constel- 
lations, around  a  particular  point  in  the  heavens,  which  we  now 
cal)  the  celestial  pole;  but  whether  or  not  they  would  infer  the 
globular  form  of  the  earth  from  these  motions,  and  from  the 
change  of  altitude  of  the  stars  above  the  horizon  to  one  traveling 
north  or  south,  has  been  a  matter  of  some  doubt.  It  seems  to  us 
that  thinkers  and  acute  observers,  at  almost  any  time  in  human 
history  could  have  inferred  so  much,  when  we  remember  some  of 
the  astonishing  things  they  did  learn  under  very  unfavorable  cir- 
cumstances. And  yet  we  are  in  doubt  about  this,  if  we  go  back 
in  history  no  farther  than  about  600  years,  in  the  time  of  boasted 
learning  among  the  ancient  Greeks.  Thales  of  Miletus,  640  B.  C, 
Anaximander,  570  B.  C,  and  Anaxagoras,  460  B.  C  ,  all  claimed 
that  the  earth  was  cylinderical  in  shape,  its  height  being  three 
times  its  diameter.  They  found  place  for  all  the  land  and  water 
of  the  earth  on  the  upper  base  of  the  cylinder.     Plate,  400  B.  C, 
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said  the  earth  is  a  cabe;  but  Aristotle  of  Thrace,  384  B.  C,  was 
probablj  among  the  first  of  the  early  scholars  to  advance  the 
theory  that  the  earth  is  a  sphere.. 

The  reader  of  history  knows  that  Egypt  was  in  the  lead,  in 
these  early  days,  in  most  scholarly  pursuits.  Before  the  founding 
of  the  Ionian  school,  which  was  the  beginning  of  the  study  of 
mathematics  under  the  Greek  influence,  Thales  was  pursuing  the 
studies  of  geometry  and  astronomy  in  Egypt,  so  it  becomes  of  in- 
terest to  learn  what  we  may  about  the  opinions  held  by  the 
Egyptians  regarding  the  form  of  the  earth. 

About  thirty-five  years  ago  a  so-called  hieratic  papyrus  which 
forms  part  of  the  Rhind  collection  in  the  British  Museum  was 
satisfactorily  read.  This  writing  throws  some  light  on  the  ad- 
Tancement  of  the  Egyptians  in  very  early  times  in  arithmetic  and 
geometry.  It  is  believed  by  those  who  have  read  it,  that  this 
manascript  was  written  by  an  Egyptian  priest,  named  Ahines, 
somewhere  between  1700  B.  C.  and  1100  B.  C,  itself  being  only 
a  copy,  with  corrections,  of  an  older  writing  whose  date  was 
about  3400  B.  C.  The  title  of  this  old  manuscript  is  "Directions  ' 
for  Knowing  All  Dark  Things."  For  a  brief  review  of  the  arith- 
metic and  geometry  there  presented,  see  Ball's  Short  Account  of 
the  History  of  Mathematics,  p.  3,  and  following.  From  Ball's 
review,  it  is  evident  that  the  knowledge  of  these  two  branches  of 
mathematics  in  Egypt  was  sullictent  2000  years  B.  C.  to  have  led 
scholars  of  that  time  to  make  useful  applications  of  them  to  the 
study  of  the  figure  of  earth,  if  their  minds  had  been  so  directed. 
But  it  is  one  thing  to  have  knowledge  of  a  principle  in  mathemat- 
ics, as  proved  byacourse  of  reasoning, as  a  proposition  is  demon- 
strated in  plane  geometry,  but  it  is  quite  another  and  a  different 
thing  to  be  able  to  apply  a  principle  so  learned  to  its  concrete 
uses,  though  it  be  simple  in  kind, and  sometimes  quite  obvious 
in  relation.  As  we  read  of  the  early  history  of  the  Egyptians, 
this  seems  to  be  strikingly  true  in  whatthey  know  of  elementary 
science — so  much  so  that  it  is  hard  to  account  for  the  utter  lack 
of  ability  to  apply  their  reasoning  powers  to  the  study  of  the 
shape  of  the  Earth,  when  they  had  done  so  well  in  the  elements 
of  pure  science  and  philosophy. 

It  may  be  possible  to  explain  part  of  this  enigma  by  the  fact 
that  the  scholars  of  those  very  earlytimes  were  the  priests  whose 
influence  with  the  people  was  very  large,  and  whose  privileges 
secured  to  them  by  the  ruling  classes  were  exceptionally  great. 
These  priests  weremuch  occupied  with  idolatrous  worship,  which 
filled  Egypt  with  it  massive   temples,  its  numberless  objects  of 
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worship,  and  its  endless  ceremonies.  These  things  being  so,  they 
woald  hinder  rather  than  promote  the  advance  of  troth  orscience 
in  any  important  way.  In  proof  of  this  we  have  only  to  remem- 
ber that  there  were  gods  for  the  Sun,  dawn,  sky.  Earth,  water, 
storm,  and  indeed  as  many  other  things  on  the  Earth,  under  it, 
and  in  the  heavens,  as  one  may  be  pleased  to  enumerate.  The 
god,  Varuna,  who  was  king  of  the  sky,  is  especially  interesting 
to  us  just  now,  because  we  read  that, 

"Varuna  stemmed  asunder  the  wide  firmanent;  he  lifted  upon 
high  the  bright  and  glorious  heaven ;  he  stretched  out  apart  the 
starry  sky  and  the  Earth."  *  •  "  *  "  This  Earth,  too,  belongs 
to  Veruna,  the  king  of  this  wide  sky  with  Us  ends  far  apart.  The 
two  seas  (the  sky  and  the  ocean)  are  Veruna'a  loins."* 

These  are  a  few  sentences  from  the  sacred  songs  of  the  Vedas, 
which  were  chanted  often  by  Egyptian  priests  in  the  ears  of  the 
people  1500  years  B,  C.  They  were  written  in  Sanskrit,  until 
recently  almost  an  unknown  language,  which  we  now  learn  bears 
a  near  relation  to  oar  own  English  tongue.  The  people  who 
joined  in  such  worship  were  the  ancestors  of  Aryan  races,  the 
great  family  to  which  the  Anglo-Saxon  belongs.  We  are  interest- 
ed in  the  early  thoughts  of  their  intellectual  life  and  growth, espe- 
cially because  we  learn  from  the  above  quotations,  and  others 
like  them,  that  they  believed  the  Earth  was  something  like  a  cyl- 
inder in  form,  for  its  "ends  were  far  apart."  This  seems  to  be  the 
source  of  the  belief  later  held  by  the  Greek  civilization,  for  it  was 
the  same  thing  in  the  time  of  Anaximander,  and  modified  only  a 
little  by  Plate,  to  that  of  a  cube,  because,  philosophically,  the 
cube  was  a  more  perfect  figure. 

When  we  come  to  the  later  Indian  pictures,  ideas  seem  to  be  a 
little  more  concrete  and  less  poetical, and  strangely  enough,  when 
we  learn  that  the  Earth  was  then  thought  of  as  a  large  shell  sup- 
ported by  "Elephants  (representing  strength),  the  elephants  be- 
ing supported  on  a  tortoise,  (which  represented  infinite  slow- 
ness)." We  are  not  told  on  what  the  tortoise  rested ;  it  doubtless 
needed  none,  for  it  moved  infinitely  slow. 

This  must  suffice  for  the  early  views  of  the  form  of  the  Earth. 
We  next  consider  the  spherical  hypothesis. 

■See  The  Dawn  of  Aatronomj,  Ch.  I.,  by  Harman  Lockyer. 
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ORIGIN  OF  THE  LUNAR  FORMATIONS.* 

Tbe  characteristic  difference  between  the  maria  and  the  larger 
craters,  like  Clavius,  Ptolemy,  and  Schickard,  is  that  every  crater 
is  surrounded  by  a  high  mountain  ridge.  In  the  case  of  the  older 
and  larger  craters,  when  not  too  far  destroyed  by  subsequent 
melting,  the  interior  of  the  walls  show  a  terraced  structure  due 
to  the  past  tidal  action.  The  maria,  on  the  other  hand,  are  usu- 
ally  surrounded  by  low  shores.  When  they  are  high,  as  in  the 
case  of  Crisium  and  Humorum,  the  shore  is  a  plateau  rather 
than  a  mountain  range,  although  the  northeastern  boundary  "of 
Humorum  is  somewhat  mountainous  for  a  short  distance.  The 
northern  boundary  of  Mare  Imbrium  is  distinctly  a  plateau,  and 
the  only  apparent  exception  to  the  general  rule  seems  to  be  in 
the  case  of  the  Apennines  and  Caucasus.  But  even  here  it  ap- 
pears that  these  ranges  originally  formed  the  edge  of  a  plateau 
that  has  been  somewhat  tipped  out  of  its  former  horizontal  po- 
sition. According  to  this  view, therefore, the  Apennines  and  Cau- 
casus are  merely  the  curved  edge  let  to  the  original  solid  surface 
by  the  molten  flood,  which,  welling  up  from  the  interior,  melted 
and  destroyed  everything  before  it,  as  long  as  the  supply  of  heat 
caused  by  the  local  subsidence  lasted.  Portions  of  the  original 
surface,  only  partially  destroyed,  are  seen  in  the  regions  about 
Archimedes  and  Autolycus. 

As  soon  as  the  surfaces  of  the  maria  had  solidified,  fresh  com> 
pression  of  their  molten  interiors  began,  and  a  second  era  of 
crater  formation  was  inaugurated.  These  craters  necessarily 
differed  from  those  of  the  earlier  period  in  one  respect,  however, 
and  that  was  that  while  the  walls  of  the  earlier  craters  were 
light  colored,  those  of  the  secondary  period  were  of  the  same 
color  as  the  material  of  the  surrounding  mare.  Thus,  of  two 
craters  located  side  by  side  in  the  middle  of  a  ware,  one  may  be 
light  and  the  other  dark.  In  such  a  case  the  former  one  survived 
the  flood,  the  latter  was  formed  subsequently  to  it.  This  sec- 
ondary period  seems  to  have  extended  to  the  present  time,  for,  as 
we  have  already  seen,  small  craters  are  even  now  being  con- 
stantly produced,  as  in  the  case  of  the  interior  of  Plato.  Some 
craters,  like  Aristarchus,  and  certain  small  craterlets,  are  in- 
tensely brilliant;  but  this  is  an  extraneous  circumstance,  as  we 
shall  presently  see,  having  no  bearing  on  the  age  of  the  crater. 

The  hypothesis  is  frequently  maintained  that  the  maria  were 
originally  covered  with  water.  There  seems  to  me  no  sufficient 
*  Coatinaed  from  page  153. 
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evidence  to  be  found  in  support  of  such  a  conclusion.  As  shown 
in  my  paper  published  in  Astronomy  and  Astro-Pbysics  for  1892, 
Vol.  XI,  p.  778,  it  is  probable  that  the  lunar  atmosphere  was 
never  very  dense,  perhaps  not  exceeding  one  inch  in  pressure. 
Under  these  circumstances  the  evaporation  from  any  lai^e  body 
of  water  exposed  to  the  Sun's  rays  would  be  very  rapid,  and  the 
condensation  at  night  equally  so.  This  more  than  tropical  pre- 
cipitation could  hardly  have  failed  to  leave  very  conspicuous  evi- 
dence of  its  former  existence  in  denuded  slopes  and  deep  ravines. 
Moreover,  the  maria,  although  frequently  in  communication,  are 
placed  at  very  different  levels,  as  has  been  often  pointed  out. 
As  the  water  gradually  dried  up,  or  was  absorbed,  and  the  upper 
seas  emptied  into  the  lower  ones,  channels  would  have  been  cut 
connecting  them.  Nothing  of  the  sort  is  seen,  however,  although 
these  would  be  the  most  favorable  regions  in  which  to  observe 
them.  In  short,  the  evidence  of  the  action  of  water  upon  the 
Moon  is  certainly  very  much  less  marked  than  upon  the  Earth, 
and  seems  quite  inadequate  to  support  the  hypothesis  that  the 
maria  -wtTt  ever  flooded. 

The  lunar  craters  maybe  divided  according  to  their  appearance 
into  six  classes,  distributed  into  two  periods.  Craters  oftbeSrst 
period.  These  all  have  bright  walls,  (a)  Unaltered  craters. 
These  have  high  sharp  walls  with  rough  interiors.  Copernicus, 
Tycho,  Arzachel.  (b)  Partially  submerged  craters.  These  have 
sharp  walls  but  smooth  interiors,  which  may  be  either  dark  or 
light.  Plato,  Archimedes,  Ptolemy,  Schickard.  (c)  Softened 
craters.  The  whole  crater  floor  and  walls  seem  to  have  been  sof- 
tened and  flattened.  Posidonius,  Cassini,  Gasseadi.  (d)  Sub- 
merged craters.  Only  portions  of  the  rims  of  these  craters  show 
above  the  surface  of  the  maria.  Large  crater  near  Flatnsteed. 
Numerous  craters  in  nearly  all  the  maria.  Craters  of  the  second 
period.  All  craters  having  dark  walls  belong  to  this  class,  (e) 
Dark  craters  shaped  like  Copernicus,  but  on  a  much  smaller  scale, 
rising  in  seyeral  of  the  maria.  Lambert  and  other  craters  in 
Marelmbrium.  (f)  Craters  with  smooth  floors  and  walls,  the 
latter  having  low  exteriors  and  deep  interiors.  Most  of  the 
smaller  craterlets  found  in  the  maria  belong  to  this  type.  Heli- 
con, Bessel.  and  Horrocks  are  among  the  larger  examples. 

Owing  to  the  sinking  of  the  convex  surface  of  the  mare  a  com- 
pression will  arise,  and  ridges  be  formed.  Thesfe  are  usually  con- 
centric, as  in  Maria  Imbrium,  Humorum,  and  Procellarura,  but 
sometimes  they  pass  through  or  near  the  centre,  as  in  Mare  Ser- 
enitatis.    When  these  ridges  have  shatp  crests  they  become  less 
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able  to  resirt  the  internal  compression,  and  craterlets  often  force 
their  way  through  in  such  places.  This  compression,  as  we  have 
seen,  is  the  probable  cause  of  the  central  ridge  or  peak  found  in 
many  of  the  unaltered  lunar  craters,  the  weight  of  the  eurround- 
ing  mountain  wall  being  an  efficient  aid  in  producing  the  requisite 
compression.  As  in  the  case  of  the  ridges  in  the  maria,  a  craterlet 
is  sometimes  found  in  the  summit  ol  the  central  peak.  Under 
these  circumstances  the  appearance  is  occasionally  quite  similar 
to  that  of  the  smooth,  high,  truncated  cone  of  a  terrestrial  volca- 
no, as  in  the  caseof  Timocharis;  nevertheless,  I  do  not  believethat 
volcanoes  proper  are  to  be  found  upon  the  Moon.  Certainly  no 
evident  instances  of  such  formations  have  ever  been  clearly  seen. 
Nor  is  it  evident  how  the  necessary  explosive  force  could  be  ob- 
tained, unless  we  assume  the  former  presence  of  large  bodies  of 
water  upon  the  Moon. 

Besides  the  generally  recognized  maria,  there  are  several  simi- 
iar  smaller  formations  which  have  not  as  yet  received  any 
special  designation.  The  most  important  one  is  of  about  the 
same  shape  and  size  as  the  Mare  Crisium,  but  of  rather  lighter 
color.  It  is  situated  nearly  due  west  of  it,  and  Is  only  brought 
into  view  under  a  favorable  libration.  Another  is  situated  south 
of  Mare  Humorum  and  west  of  Scbickard.  Had  the  melting  of 
the  original  surface  been  a  little  more  complete,  it  would  un- 
doubtedly have  been  designated  as  a  mare.  On  the  other  hand 
the  large  nameless  plain  southeast  of  Schiller  is  clearly  a  ruined 
crater,  perhaps  the  largest  to  be  found  upon  the  Moon.  Another 
small  unnamed  mare  is  situated  southwest  of  Humorum.  be- 
tween  it  and  Tycho.  The  very  elongated  crater  of  Schiller  is 
really  composed  of  a  series  of  craters,  the  dividing  walls  between 
which  have  been  broken  down  by  internal  heat. 

Among  the  most  important  of  the  smaller  formations  upon 
the  Moon  are  the  rills.  The  rills  proper,  as  distinguished  from 
the  river  beds  already  described,  are  undoubtedly  cracks  in  the 
lunar  surface,  formed  at  a  time  when  it  was  too  small  for  the  in- 
terior, but  when  the  fluid  contents  was  so  far  removed  from  the 
surface  that  but  little  of  it  was  able  to  escape  and  relieve  the 
pressure.  The  rills  are  therefore  of  comparatively  recent  forma- 
tion. They  are  rarely  if  ever  found  among  the  primary  forma- 
tions, unless  these  have  been  melted  or  softened  by  the  subse- 
quent application  of  heat.  They  are  never  found  near  the  poles 
where  the  tidal  action  is  small,  although  seen  near  other  parts  of 
the  limb.  Only  three  minute  rills,  therefore,  are  found  in  the 
Mare  Frigoris,  although  they  abound  in  the  other  maria.    The 
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most  northern  rili  known  is  in  latitude  +  57°,  north  of  Aris- 
toteles,  the  most  southern  one  is  in  latitude  —  35°  south  of 
Ramsden.  They  are  particularly  numerous  in  the  southeastern 
quadrant  of  the  Moon,  and  comparatively  rare  in  the  south- 
-  western.  .They  are  frequently  concentric  with  some  mare  or  par- 
tially submerged  crater.  Striking  illustrations  of  this  are  found 
just  to  the  west  of  Mare  Humorum  where  three  concentric  sys- 
tems of  rills  occur.  The  appearance  of  this  ware  is  as  if  a  thin 
shin  had  formed  over  the  liquid  surface,  and  had  then  been 
broken  and  crumpled,  and  drifted  to  the  eastern  side.  Towards 
the  centre  and  on  the  western  side  of  Humorum  are  some  long 
ridges,  the  western  one  concentric  with  the  mare  and  the  rills. 
On  the  eastern  side  are  some  deep  rills  also  concentric  with  the 
mare.  The  paraffine  crater,  Figare  15,  shows  a  minute  ridge 
stretching  from  the  .learer  side  towards  the  centre.  Later  a  rill 
formed  upon  the  further  side  concentric  with  the  crater,  thusshow- 
ing  that  the  surface  was  subjected  first  to  compression  as  the 
floor  of  the  crater  fell,  and  later  to  tension  as  it  contracted  and 
receded  from  the  crater  walls. 

The  direction  of  the  rill  in  many  cases  bears  no  apparent  rela- 
tion to  the  surrounding  formations,  and  seems  to  be  the  result 
of  a  general  contraction  of  the  lunar  crust.  When  it  traverses 
a  crater  it  is  often  evident  that  the  latter  is  the  eariier  forma- 
tion,  as  in  the  case  of  Hippalus.  On  the  other  hand,  in*  the  case 
of  Ramsden  the  crater  seems  to  have  been  formed  later.  Some 
extremely  broad  and  deep  concentric  rills  are  found  in  the  in- 
terior of  Wurzelbauer.  The  appearance  of  a  crumpled  skin  seen 
in  the  Mare  Humorum  is  also  found  in  other  formations,  as  in  |. 
Herschel. 

An  extremely  rough  and  broken  surface  is  found  just  to  the 
north  of  Sinus  Iridum.  Few  ciaters  are  to  be  seen,  and  it  looks 
as  if  it  might  have  been  a  part  of  the  original  surface  of  the 
Moon,  before  it  had  been  pitted  with  craters  or  fused  into  maria. 
But  what  makes  this  region  particularly  interesting  is  that  we 
have  here  a  clear  view  of  a  section  of  thesurface  some  two  miles 
in  depth,  cut  by  the  melted  lava  that  formed  the  Sinus  Iridium. 
An  examination  of  this  section  shows  a  nearly  vertical  wall,  in 
places  perhaps  overhanging,  apparently  composed  chiefly  of  ob- 
jects like  huge  boulders,  measuring  several  thousand  feet  in  di- 
ameter, but  separated  from  one  another  here  and  there  by  in- 
terstices forming  caves  of  surprising  dimensions.  As  seen  under 
favorable  conditions,  at  Arequipa,  the  appearance  was  not  un- 
like that  of  a  piece  of  wood  broken  squarely  across  the  grain. 
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Tbe  stmctnre  of  the  wall  is  entirely  difFerent  from  that  of  the 
Apennines,  which  bound  the  Mare  Imbrium  on  the  west.  Neither 
does  it  resemble  the  smooth  sloping  terraced  interiors  of  the 
larger  craters. 

Among  the  more  noteworthy  of  the  minor  lunar  features  may 
be  mentioned  the  following  formations.  To  the  north  and  also 
to  the  south  of  Copernicus  are  found  a  number  of  spindle-shaped 
cuts  in  the  surface,  like  very  elongated  craters.  They  are  on  the 
average  about  two  miles  long  by  half  a  mile  broad,  and  very 
much  resemble  in  shape  the  mark  that  a  bullet  might  make  in 
penetrating  obliquely  a  somewhat  vicous  surface.  Scattered 
among  them  are  a  number  of  smooth  rounded  mounds,  some  cir- 
cular and  some  elongated.  Some  of  the  latter  look  as  if  they 
would  exactly  fit  into  the  spindle-shaped  cuts.  Similar  cuts  are 
found  in  Cassini.  To  the  north  and  west  of  Copernicus  are  a 
series  of  irregular  elongated  markings  formed  in  part  of  crater- 
lets,  and  due  perhaps  to  the  escape  of  gases  through  the  formerly 
viscous  surface  from  a  submerged  crack  or  rill.  Similar  mark- 
ings are  found  to  the  southeast  of  Schiller,  A  little  over  one  di- 
ameter due  east  of  Gassendi  is  a  curious  ring  of  isolated  eleva- 
tions surrounding  a  central  peak.  A  little  north  of  Cavalerius 
is  situated  a  very  striking  black  peak. 

A  series  of  well  marked  parallel  grooves  each  groove  several 
miles  in  width,  forms  a  characteristic  feature  of  certain  portions 
of  the  Moon's  surface.  They  are  well  seen  in  the  vicinity  of  Pal- 
las, and  lie  in  a  northeast  and  southwest  direction.  They  extend 
from  somewhat  to  the  north  of  Hyginus  as  far  south  as  Albatag- 
nius.  A  less  marked  series  of  parallel  grooves  lies  southeast  of 
Sinus  Iridium,  and  another  near  the  south  pole.  A  large  ruined 
nameless  crater  of  oval  shape,  and  exhibiting  a  curious  spiral  ar- 
rangement of  supporting  ridges  is  to  be  found  lying  between 
Wurzelbauer  and  Heinsiua.  Although  lava  streams  are  not  usu- 
ally clearly  defined  upon  the  Moon,  one  may  be  seen  where  War- 
gentin  overflowed  its  crater  on  the  northeast,  flooding  the  sur- 
rounding region.  This  overflow  probably  prevented  the  lava 
from  rising  higher  in  the  adjoining  crater  north  of  Phocylades, 
whose  interior  is  on  the  same  level  as  the  surface  of  Wargentin, 
and  several  hundred  feet  higher  than  tbe  level  in  Phocylades 
proper. 

The  last  feature  that  we  shall  refer  to  upon  the  Moon  is  the 
system  of  bright  streaks  conspicuously  surrounding  six  of  the 
larger  crater  formations,  and  also  visible  around  many  of  the 
smaller  craters.    In  thi  Astronotnische  Nachricbten,  Vol.  CXXX, 
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p.  225,  I  pointed  out  certain  facts  regarding  these  streaks,  de- 
rived from  my  observations  made  at  Arequipa.  of  which  the  fol- 
lowing are  the  most  important.  Hundreds  of  these  streaks  ex- 
ist upon  the  Moon,  but  in  the  great  majority  of  instances  they 
are  found  to  issue  from  minute  intensely  white  craterlets.  These 
craterlets  are  seldom  over  1"  in  diameter,  and  are  as.ually  much 
less.  The  streaks  are  very  brilliant  where  they  issue  from  the 
craterlet,  but  broaden  and  grow  fainter  as  they  recede  from  it. 
Their  maximum  breadth  seldom  exceeds  5",  and  their  length  usu- 
ally varies  from  10"  to  50".  Those  streaks  which  do  not  issue 
from  minute  craterlets  usually  lie  upon  or  across  ridges,  or  in 
other  similarly  exposed  situations.  Frequently  a  number  of  the 
craterlets  producing  streaks  are  found  to  be  arranged  in  the 
same  direction  in  which  the  streaks  lie.  In  such  a  case,  before 
one  streak  comes  to  an  end  another  will  begin,  thus  forming  a 
nearly  continuous  white  band.  A  few  of  these  white  bands  ex- 
tend for  over  one  thousand  kilometers.  The  nature  of  the  indi- 
vidnal  streaks  is  seen  very  clearly  in  the  crater  Pitatus.  It  is 
also  well  shown  in  Copernicus,  but  does  not  become  clearly  visi- 
ble there  until  the  thirteenth  day  after  new  Moon.  The  combi- 
nation of  the  streaks  to  form  a  white  band  is  most  readily  stud- 
ied in  the  conspicuous  marking  stretching  from  Tjcho  to  Mare 
Ncctaris.  Under  favorable  atmospheric  conditions  it  can  be  seen 
in  the  two  parallel  bands  extending  from  Tycho  towards  Kepler, 
and  in  the  band  stretching  from  Menelaus  across  the  Mare 
Serenitatis. 

The  visibility  of  the  streaks  can  be  studied  very  satisfactorily 
from  photographs.  They  become  visible  in  general  abont  twelve 
hours  after  sunrise  and  brighten  for  one  or  two  days.  They  re- 
main visible  until  about  the  same  period  before  sunset.  Lati- 
tude has  little  if  any  effect  on  the  time  of  their  appearance. 
They  are  probably  doe  to  the  same  cause  that  produces  the  vari- 
able white  markings  and  spots  in  Plato  and  about  Linn^  and 
Schroter's  Valley. 

Since  the  pressure  of  water  vapor  at  the  freezing  point  is 
4.6  mm.,  it  is  manifest  that,  unless  the  pressure  of  the  lunar  at- 
i:-,osphere  exceeds  this  figure,  water  cannot  exist  upon  the  sur- 
face of  the  Moon  at  all  in  a  liquid  state,  no  matter  what  the 
temperature  may  be.  Above  the  freeEing  point  its  condition  will 
be  wholly  gaseous,  below  the  freezing  point  it  may  be  wholly 
gaseous,  or  it  may  be  partly  solid  and  partly  gaseous.  Since  it 
is  doubtful  if  the  pressure  of  the  lunar  atmosphere  exceeds 
0.5mm.,it  is  cleat  that  water  as  such  cannot  at  present  exist 
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upon  the  surface  of  the  Moon.  There  is  no  reason,  however, 
why  the  white  markings  above  mentioned  may  not  be  due  to  ice 
crystals,  either  suspended  in  the  air  or  deposited  upon  the 
ground.  That  the  white  substance  cannot  be  frozen  carbonic 
acid  is  certain,  on  account  of  the  enormous  pressure  that  would 
be  involved,  even  at  extremely  low  temperatures,  to  keep  it  in 
the  solid  form.  Whether  the  increase  and  diminution  in  size  of 
the  white  markings,  and  their  transportation  from  place  to  place 
is  due  to  the  bodily  transference  of  the  crystals  by  means  of  the 
lunar  winds  and  the  subsequent  melting  of  the  crystals,  or 
whether  the  water  is  transported  in  the  gaseous  form  and  later 
deposited  as  boar  frost,  is  not  as  yet  determined,  but  I  am  in- 
clined to  believe,  from  the  appearances  noted  about  Schbter's 
Valley  and  about  Messier,  that  actual  clouds  due  to  ice  crystals 
really  exist  upon  the  Moon.  That  so  rare  an  atmosphere  should 
be  able  to  transport  the  ice  crystals  at  all  seems  at  first  sight  very 
remarkable,  but  it  is  possible  that  the  crystals  arc  very  minute,  as 
would  indeed  probably  be  the  case  when  condensed  in  such  an  at- 
mosphere. In  considering  the  plausibility  of  the  explanation 
that  the  white  substance  causing  the  bright  streaks  and  craters 
is  really  hoar  frost,  an  idea  which  was,  1  believe,  first  -suggested 
.by  Mr.  Ranyard,  (Knowledge,  1890.  Vol.  XIII.  p.  130,)  we  may 
call  to  mind  the  observations  already  described  in  the  section  de- 
voted to  Linn^.  It  was  there  pointed  out,  not  only  that  the 
white  area  was  diminishing  in  size  from  year  to  year,  but  also 
that  there  was  a  large  periodic  variation  from  day  to  day,  the 
micrometric  measurements  showing  that  as  lunar  midday  ap- 
proached the  spot  grew  smaller,  reaching  a  minimum  soon  after- 
wards, and  then  again  increased  in  size  with  the  approach  of 
night,  much  as  the  polar  caps  of  the  Barth  increase  and  diminish 
with  the  seasons. 

In  order  to  obtain  a  satisfactory  explanation  of  the  bright 
streaks,  we  may  start  with  the  observed  fact  that  those  crater- 
lets  producing  streaks  which  are  situated  in  the  vicinity  of  a 
prominent  streak  centre,  as  Tycho,  for  instance,  are  distributed 
not  quite  uniformly,  but  with  a  tendency  to  take  the  form  of  ra- 
dial bands.  It  is  very  evident  that  when  those  traterlets  near 
the  center  become  active,  they  will  give  nse  to  a  wind  blowing 
away  from  Tycho  in  all  directions.  As  this  wind  proceeds  out- 
wards, it  will  be  reinforced  by  the  wind  from  the  various  active 
craterlets  that  it  encounters  upon  the  way ;  there  will  therefore, 
in  general,  be  no  opportunity  for  diverse  currents,  and  the  bright 
streaks  must  necessarily  lie  radially  as  we  observe  them.    As  we 
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have  seen  in  the  previous  chapters,  the  activity  ol  the  craterlets 
sometimes,  as  in  tbe  case  of  Schrdter's  Valley,  begiaa  shortly  af- 
ter sunrise  and  ends  before  sunset.  In  the  case  of  Linn^,  on  the 
other  hand,  the  activity  apparently  lasts  for  a  short  time  into 
the  ni/2;ht. 

If  the  supply  of  ice  crystals  is  limited,  as  must  certainly  be  the 
case  upon  the  Moon,  and  the  country  over  which  they  are  blown 
is  rough,  they  will  settle  almost  exclusively  in  the  crevices  and 
hollows  between  the  rocks.  Moreover,  this  tendency  will  be 
further  increased,  as  we  see  upon  the  Earth,  since  the  Son  will 
tend  to  evaporate  those  in  the  more  exposed  situations.  Since 
the  shadows  are  perfectly  black  upon  the  Moon,  the  crystals 
upon  which  the  Sun  does  not  shine  will  reflect  no  light.  There- 
fore at  sunset  and  sunrise  the  bright  streaks  should  be  compara- 
tively inconspicuous,  showing  best  under  a  high  illumination. 
The  phenomenon  should  be  quite  independent  of  tbe  position  of 
the  Earth,  upon  which  depends  the  phase  of  the  Moon.  This  we 
find  to  be  the  case,  since  the  streaks  first  appear  clearly  a  few 
days  after  sunrise,  regardless  of  other  circumstances  as  to 
whether  the  Moon  is  a  crescent,  gibbous,  or  full.  Moreover,  if 
wc  view  the  dark  side  of  the  Moon  three  or  four  days  after  the 
Moon  is  new,  the  bright  streaks  will  be  clearly  seen  by  earth- 
light,  although  invisible  both  before  and  after,  at  sunset  and 
sunrise.  When  the  crystals  are  exposed  to  the  Sun  they  will  ap- 
pear bright  even  at  sunrise,  as  in  the  case  of  Aristarchus.  In  the 
crater  of  Messier,  on  the  other  hand,  they  do  not  begin  to  form 
until  the  Sun  is  well  up,  so  that  the  interior  does  not  become 
bright  until  three  or  four  days  after  sunrise. 

The  streaks  are  sometimes  extremely  narrow.  Thus,  in  1893, 
six  were  seen  radiating  from  invisible  craterlets  situated  upon 
the  lower  slopes  of  Dionysius.  The  streaks  measured  from 
twenty  to  forty  kilometers  in  length,  appeared  absolutely 
straight,  and  could  have  been  but  a  few  hundred  meters  in 
breadth.  They  have  not  been  seen  in  Cambridge,  Occasionally 
we  find  streaks  flowing  towards  Tycho,  even  in  its  immediate  vi- 
cinity.  A  most  striking  instance  of  this  occurred  in  Ctavins, 
where,  upon  January  30, 1893, 1  saw  two  minute  craterlets  situ- 
ated side  by  side,  one  sending  its  streak  away  from  Tycho  and 
the  other  directly  towards  it. 

It  is  sometimes  stated  as  proving  the  total  absence  of  a  lunar 
atmosphere  that  no  clouds  ever  obscure  the  Moon's  surface,  but 
that  all  its  features  are  at  all  times  perfectly  clear  and  distinct. 
This  statement  is  certainly  erroneous.    The  Moon's  atmosphere 
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probably  is  full  of  clouds.  Wherever  we  see  a  bright  streak,  there 
a  few  days  after  sunrise  will  be  found  a  cload,  and  it  is  chiefiy 
their  conspicuous  presence,  combined  with  the  lack  of  shadows, 
that  at  the  time  of  full  Moon  makes  the  lunar  detail  in  certain  re- 
gions so  difficult  to  distinguish.  In  other  regions,  over  the  maria, 
for  instance,  and  strikingly  over  the  floor  of  Plato,  where  the 
bright  streaks  do  not  extend,  far  more  detail  can  be  seen  at  full 
Moon  than  during  any  other  portion  of  the  lunation. — Annala  of 
Harvard  College  Observatory,  Vol.  XXXII,  Part  II. 


NON-EUCLIDEAN  GEOMETRY. 

GBORGB  BRUCE  HALSTED. 

POV    POPHLkB    ASTBOHOHT. 

In  writing  of  *'  The  Wonderful  Century,"  Alfred  Rnssel  Wallace 
says  of  all  time  before  the  seventeenth  century:  "Then,  going 
backward,  we  can  find  nothing  of  the  first  rank  except  Euclid's 
wonderiul  system  of  geometry,  perhaps  the  most  remarkable 
mental  product  of  the  earliest  civilizations." 

But  of  late  all  men  of  science  and  intelligent  teachers  have  been 
hearing  more  and  more  of  non-Euclidean  geometry,  and  are  nat- 
urally anxious  to  know  how  these  new  doctrines  are  related  to 
the  traditional  geometry  which  they  were  taught  and  perhaps 
now  are  teaching.  , 

The  new  departure  is  absolutely  epoch-making,  but  fortunately 
it  has  intensified  admiration  for  that  imperishable  model,  al- 
ready in  dim  antiquity  a  classic,  the  immortal  Elements  of  Euclid. 

But  without  assumptions  nothing  can  be  proved,  and  Euclid 
stated  his  assumptions  with  the  most  painstaking  candor.  He 
would  have  smiled  at  the  suggestion  that  he  could  ever  craim  for 
his  conclusions  any  other  truth  than  perfect  deduction  from  as- 
sumed hypotheses. 

And  so  his  system  is  forever  safe.  Each  one  of  his  axioms  may 
tnm  out  to  be  inconsistent  with  external  reality;  each  of  his 
fundamental  assumptions  may  be  replaced  in  our  6nal  explana- 
tion of  the  space  in  which  we  live  and  move;  in  reference  to  our 
space,  all  his  theorems  mav  be  shown  to  be  only  approxima- 
tions; and  yet  his  work  will  remain  a  perfect  piece  of  pure  mathe- 
matics, the  exact,  eternal  geometry  of  Euclidean  space. 

For  two  thousand  years  no  one  ever  doubted  the  truth  of  any 
one  of  this  set  of  axioms,  far  the  most  influential  in  the  intel- 
lectual history  of  the  world,  put  together  by  Euclid  in   Egypt, 
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bat  really  owing  nothing  to  the  Egyptian  race,  nothing  to  the 
boasted  lore  of  Egypt's  priests. 

The  Papyras  of  the  Rhine,  belonging  to  the  British  Museum, 
but  given  to  the  world  by  the  erudition  of  a  German  Egyptolo- 
gist, Bisenlohr,  and  a  German  historian  of  mathematics,  M.. 
Cantor,  gives  us  more  knowledge  of  the  state  of  mathematics 
in  ancient  Egypt  than  all  else  previously  accessible  to  the  mod- 
em world.  Its  whole  testimony  confirms  with  overwhelming 
force  the  position  that  geometry  as  a  science,  strict  and  self- 
conscious  deductive  reasoning,  was  created  by  the  subtle  inteU 
lect  of  the  same  race  whose  bloom  in  art  still  overawes  us  in  the 
Venus  of  Milo,  the  Apollo  Belvidere,  the  Laocoon.  But 
though  for  twenty  centuries  the  truth  of  the  axioms  of  the 
Greek  geometer  remained  unquestioned,  there  was  one  of  them 
of  which  the  axiomatic  character  was  doubted  even  from  far 
antiquity.  Elementary  geometry  was  for  two  thousand  years 
as  stationary,  as  fixed,  as  peculiarly  Greek  as  the  Parthenon. 
But  among  Euclid's  assumptions  is  one  differing  from  the  others 
in  prolixity,  whose  place  fluctuates  in  the  manuscripts. 

Peyrard,  on  the  authority  of  the  Vatican  MS.,  puts  it  among 
the  postulates,  and  it  is  often  called  the  parallel-postulate. 
Heiberg,  whose  edition  of  the  Greek  text  is  the  latest  and  best 
(Leipzig,  1883-188S),  gives  it  as  the  filth  postulate. 

James  Williamson,  who  published  the  closest  translation  of 
Eaclid  we  have  in  English,  indicating,  by  the  use  of  italics,  the 
words  not  in  the  original,  gives  this  assumption  as  eleventh 
among  the  Common  Notions. 

Bolyai  speaks  of  it  as  Euclid's  Axiom  XI. 

Todhunter  has  it  as  twelfth  of  the  Axioms. 

Clavios  ( 1574)  gives  it  as  Axiom  13. 

TheHarpur  Euclid  separates  it  by  forty  eight  pages  from  the 
other  axioms. 

It  is  not  used  in  the  first  twenty-eight  propositions  of  Eaclid. 
Moreover,  when  at  length  used,  it  appears  as  the  inverse  of  a 
proposition  already  demonstrated,  the  seventeenth,  and  is  only 
needed  to  prove  the  inverse  of  another  proposition  already  dem- 
onstrated, the  twenty-seventh. 

Geminos  of  Rhodes  (about  70  B.  C.)  speaks  of  it  as  needing 
proof.  The  astronomer  Ptolemy  (A.  D.  87-165)  tried  his  hand 
at  proving  it. 

The  great  Lambert  expressly  says  {hat  Proklas  demanded  a 
proof  of  this  assumption  because  when  inverted  it  is  demon- 
strable. 
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The  Arab  Nasir-Eddim  (1201-1274)  tried  to  demonstrate  it. 

No  one  had  a  doubt  of  the  necessary  external  reality  and  exact 
applicability  of  the  assumption.    Until  the  present  century  the 
Euclidean  geometry  was  supposed  to  be  the  only  possible  form  ' 
of  space-science ;  that  is,  the  space  analyiied  in  Euclid's  axioms 
was  supposed  to  be  the  only  non-contradictory  sort  of  space. 

But  could  not  this  assumption  be  deduced  from  the  other  as- 
sumptions and  the  twenty-eight  propositions  already  proved  by 
Euclid  without  it?  Euclid  demonstrated  things  more  axiomatic 
by  far.  He  proves  what  every  dog  knows,  that  any  two  sides  of 
a  triangle  are  together  greater  than  the  third. 

Yet  after  he  has  finished  his  demonstration,  that  straight  lines 
making  with  a  transversal  equal  alternate  angles  are  parallel,  in 
order  to  prove  the  inverse,  that  parallels  cut  by  a  transversal 
make  equal  alteruate  angles,  he  brings  in  the  unwieldy  assump- 
tion thus  translated  by  Williamson  (Oxford,  1781). 

"II.  And  if  a  straight  line  meeting  two  straight  lines  make 
those  angles  which  are  inward  and  upon  the  same  side  of  it  less 
than  two  right  angles,  the  two  straight  lines  being  produced  in- 
definitely will  meet  each  other  on  the  side  where  the  angles  are 
less  than  two  right  angles." 

As  Staeckel  says,  "it  requires  a  certain  courage  to  declare  such 
a  requirement,  alongside  the  other  exceedingly  simple  assump- 
tions and  postulates." 

In  the  brilliant  new  light  given  by  Bolyai  and  Lobachevski,  we 
now  see  that  Euclid  understood  the  crucial  character  of  the  ques- 
tion of  parallels. 

There  are  now  for  us  no  better  proofs  of  the  depth  and  syste- 
matic coherence  of  Euclid's  masterpiece  than  the  very  things 
which,  their  cause  unappreciated,  seemed  the  most  noticeable 
blots  on  his  work. 

Sir  Henry  Savile,  in  his  Praelectiones  on  Euclid,  Oxford,  1621, 
p.  140,  says:  "In  pulcherrimo  Georaetriae  corpore  duo  sunt 
naevi,  duae  labes  ..."  etc.,  and  these  two  blemishes  are  the 
theory  of  parallels  and  the  doctrine  of  proportion;  the  very 
points  in  the  Elements  which  now  arouse  our  wondering  admira- 
tion. 

But  down  to  our  very  nineteenth  century  an  ever  renewing 
stream  of  mathematicians  tried  to  wash  away  the  first  of  these 
supposed  stains  from  the  most  beauteous  body  of  Geometry, 

The  attempts  may  be  divided  into  three  classes:  First,  those 
in  vrhich  is  taken  a  new  definition  of  parallels.  Second,  those  in 
which  is  taken  a  new  axiom  different  from  Euclid's.    Third,  the 
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largest  and  most  desperate  class  of  attempts,  namelj,  those 
which  strive  to  deduce  the  theory  of  parallels  from  reasonings 
about  the  nature  of  the  straight  line  and  plane  angle.  Hun- 
*  dreds  of  mathematicians  tried  at  this.  All  failed.  That  em- 
inent man,  Legendre,  was  trying  at  this,  and  continually  failing 
at  it,  throughout  his  very  long  life.  Thus  the  experience  of  two 
thousand  years  went  to  show  that  here  some  assumption  was 
indispensable.  Every  species  of  eflbrt  was  i;  ade  to  avoid  or 
elude  it,  but  without  success.  From  a  letter  of  Gauss  we  see 
that  in  1799  he  was  still  trying  to  prove  that  Euclid's  is  the 
only  non-contradictory  system  of  geometry,  and  that  it  is  the 
system  regnant  in  the  external  space  of  our  physical  experience. 
The  first  is  false ;  the  second  can  never  be  proven. 

Yet  even  in  1831  the  acute  logician,  De  Morgan,  accepted  and 
reproduced  a  wholly  fallacious  proof  of  Euclid's  assumption,  re- 
cently republished,  Chicago,  1898. 

A  like  pseudo-proof  published  in  Crelle's  Journal  (1834)  de- 
ceived even  our  well  known  Professor  W.  W.  Johnson,  who 
translated  and  published  it  in  the  Aaal)St  (Vol.  Ill,  1876,  p. 
103),  saying,  "this  demonstration  seems  to  have  been  generally 
overlooked  by  writers  of  geometrical  textbooks,  though  appar- 
ently exactly  what  was  needed  to  put  the  theory  upon  «  perfectly 
sound  basis." 

The  most  interesting  and  perhaps  the  most  extended  of  such 
attempted  proofs  was  by  the  Italian  Jesuit  Saccheri,  born  the 
fifth  of  September,  1667,  who  joined  the  Society  of  Jesus 
at  Genoa,  on  the  twenty  fourth  of  March,  1685.  He  be- 
came teacher  of  grammar  in  the  Jesuit  "Collegio  di  Brera," 
where  the  teacher  of  mathematics  was  Tommaso  Ceva,  a 
brother  of  the  well  known  mathematician,  Giovanni  Ceva 
(1648-1737),  who  published  in  1678  at  Milan  a  work  contain- 
ing the  theorem  now  known  by  his  name. 

Saccheri  was  in  close  scienti6c  communion  with  both  brothers 
and  received  his  inspiration  from  them.  He  used  Ceva's  in- 
genious methods  in  his  first  published  work.  1693,  solutions  of 
six  geometric  problems  proposed  by  Count  Roger  Ventimiglia. 
His  attempt  at  proving  the  parallel-postulate  in  his  last  work, 
"Euclid  vmdicated  from  every  fleck,"  which  received  the  "Im- 
primatur" of  the  Inquisition  the  thirteenth  of  July,  1733,  that 
of  the  Provincial  of  the  Jesuits  the  sixteenth  of  August,  1733. 
Saccheri  died  the  twenty-fifth  of  October,  1733. 

All  preceding  attempts  were  ahke  in  trying  to  give  a  direct 
positive  proof  of  the  postulate:  all  were  alike  in  the  assumption 
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open  or  hidden,  conscioas  or  aocon8cioas,of  an  equivalent  postu- 
late. 

Saccberi  tries  a  wholly  new  way,  and  thus  his  book  marlts  an 
epoch.  He  never  doubted  the  absolute  necessary  truth  of 
Euclid's  postulate,  and  so  he  thinks  that  the  two  alternatives, 
possible  if  it  be  taken  as  not  true,  mnst  each  lead  to  some  con- 
tradiction, to  some  absurdity.  He  tries  the  redoctio  ad  ab- 
snrdum.  Ninety  years  later,  1823,  Bolyai  Janos  reached  the  as- 
tounding conviction  that  these  alternatives  lead  not  to  any  con- 
tradiction but  to  the  "science  absolute  of  space,"  a  generaliza- 
tion of  Euclid's  universe.  In  a  letter  dated  the  third  of  Novem- 
ber, 1823,  written  in  the  Magyar  language,  and  fortunately  pre- 
served for  us  at  Maros  Vdsfirhely  in  Hungary,  Bolyai  JSnos 
writes  to  hia  father,  Bolyai  Parkas:  "I  have  discovered  such 
magnificent  things  that  I  ammyselfastonished  at  them.  It  would 
be  damage  eternalif  they  were  lost.  When  you  see  them,  my 
father,  you  youself  will  acknowledge  it.  Now  I  cannot  say 
more,  only  so  much:  that  irom  nothing  I  hare  created  another 
wholly  new  wrorld." 

Snppose  we  take  a  few  steps  into  this  new  universe  on  the 
path  which  opened  before  Saccheri  without  his  every  suspecting 
whither  it  led. 

1.  If  two  points  determine  a  line  it  is  called  a  straight. 

2.  If  two  straights  make  with  a  transversal  equal  alternate 
angles,  they  have  a  common  perpendicular. 

3.  A  piece  of  a  straight  is  called  a  sect. 

4.  If  two  equal  coplanar  sects  are  erected  perpendicular  to  a 
straight,  if  they  do  not  meet,  then  the  sect  joining  their  extremi- 
ties makes  equal  angles  with  them  and  is  bisected  by  a  perpen- 
dicular erected  midway  between  their  feet:  [Proved  by  folding 
the  figure  over,  along  the  third  perpendicular] . 

5.  Considering  figures  where  the  right  angles  made  by  the 
equal  perpendiculars  may  be  said  to  be  not  alternate,,  and  where 
no  two  perpendiculars  to  the  same  straight  meet,  the  equal 
angles  made  with  the  joining  sect  at  the  extremities  of  the  two 
equal  perpendicular  are  either  right  angles,  acute  angles,  or  ob- 
tuse angl^.  Distinguish  the  three  cases  as  hypothesis  of  right, 
hypothesis  of  acute,  hypothesis  of  obtuse. 

6.  According  to  these  three  hypotheses  respectively,  the  join 
of  the  extremities  of  the  equal  perpendiculars  is  equal  to,  greater 
than,  or  less  than  the  join  of  their  feet.  [Saccheri,  Prop.  III. 
Translated  by  Halsted  in  the  American  Mathematical  Monthly], 

7.  Inversely,  according  as  the  join  of  the  extremities  is  equal 
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to,  or  less  than,  or  greater  than  the  join  of  the  feet,  the  equal 
angles  will  be  right,  or  obtuse  or  acute.    [S.  P.  IV]. 

8.  Corollary.  In  every  quadrilateral  containing  three  right 
angles  and  one  obtuse,  or  acute,  the  sides  adjacent  to  this  ob- 
lique angle  are  less  than  the  opposite  sides,  if  this  angle  is  ob- 
tuse, but  greater  if  it  is  acute. 

9.  The  hypothesis  of  right,  if  even  in  a  single  case  it  is  true, 
always  in  every  case  it  alone  is  true.     [S.  P.  V.]. 

10.  Assuming  the  principle  of  continuity,  and  referring  only 
to  &gures  where  no  two  perpendiculars  to  the  same  straight 
meet;  The  hypothesis  of  obtuse,  if  even  in  a  single  case  it  is  true, 
always  in  every  case  it  alone  is  true,    [S.  P.  VI.]. 

11.  With  like  limitation;  The  hypothesis  of  acute,  if  even  in  a 
single  case  it  is  true,  always  in  every  case  it  alone  is  true.  [S.  P. 
VII.] 

12.  The  sum  of  the  angles  of  a  retiltneal  triangle  is  a  straight 
angle  in  the  hypothesis  of  right,  is  greater  than  a  straight  angle 
in  the  hypothesis  of  obtuse,  is  less  than  a  straight  angle  in  the 
hypothesis  of  acute.    [S.  P.  IX]. 

13.  The  excess  of  a  triangle  is  the  excess  of  the  sum  of  its  an- 
gles over  a  straight  angle.  The  deficiency  of  a  triangle  is  what 
its  angle  sum  lack!>  of  being  a  straight  angle. 

14.  Two  triangles  having  the  same  excess  or  deficiency  are 
equivalent. 

15.  Even  with  the  assumption  that  two  straights  cannot  in- 
tersect in  two  points,  the  three  hypotheses  give  rise  to  three  per- 
feet  systems  of  geometry,  the  hypothesis  of  right  to  Euclid,  the 
hypothesis  of  acute  to  Bolyai-Lobaclievski,  the  hypothesis  of  ob- 
tuse to  Riemaan. 

16.  In  the  hypothesis  of  acute  the  straight  is  infinite.  Two 
coplanar  straights  perpendicular  to  a  third  diverge  on  either  side 
of  their  common  perpendicular.  The  angle-sum  of  any  rectilin- 
eal triangle  is  less  than  a  straight  angle. 

17.  In  Euclid  and  Bolyai,  parallels  are  straights  on  a  com- 
mon point  at  infinity. 

In  Bolyai,  from  any  point  P  drop  PC  a  perpendicular  to  a  given 
straight  AB. 


If  D  move  off  indefinitely  on  the  ray  CB  the  sect  PD  will  ap- 
proach as  limit  PF  copunctal  with  AB  at  infinity.  PF  is  said  to 
be  at  P  the  parallel  to  AB  toward  B. 
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PF  makes  with  PC  aa  angle  CPF  which  is  called  the  angle  of 
parallelism  fur  the  perpendicular  PC.  It  is  less  than  a  right  an- 
gle by  an  amount  which  is  the  limit  of  the  deficiency  of  the  tri< 
.angle  PCD.  On  the  other  side  of  PC  an  equal  angle  of  parallel- 
ism gives  us  the  parallel  at  P  to  BA  toward  A. 

Thus  at  any  point  there  are  two  parallels  to  a  straight. 

A  straight  has  two  distinct  separate  points  at  infinity. 

Straights'  through  P  which  make  with  PC  an  angle  greater 
than  the  angle  of  parallelism  and  less  than  its  supplement  do 
not  meet  the  straight  AB  at  all,  not  even  at  infinity. 

18.  A  straight  maintains  its  parallelism  at  all  its  points. 
[Lobachevski,  Geometrical  Researches  on  the  Theory  of  Paral- 
lels. Translated  by  Halsted,  S  17]. 

19.  If  one  straight  is  parallel  to  a  second,  the  second  is  paral- 
lel to  the  first.     [L.  g  18.]. 

20.  Two  straights  parallel  to  a  third  toward  the  same  part 
are  parallel  to  each  other.     [L  §  25]. 

21.  Parallels  continually  approach  each  other.     [L  §  24]. 

22.  The  perpendiculars  erected  at  the  midd)e  points  of  the 
aides  of  a  triangle  are  all  parallel  if  two  are  parallel.     [L.  §  30.] 

23.  If  the  foot  of  a  perpendicular  slides  on  a  straight,  its  ex- 
tremity describes  a  curve  cajled  an  equi-distant  curve  or  an  equi- 
distantial. 

An  equidistantial  will  slide  on  its  trace, 

24.  A  circle  with  infinite  radius  is  not  a  straight  but  a  curve, 
called  the  boundary  curve,  which  is  a  plane  curve  for  which  all 
perpendiculars  erected  at  the  mid-points  of  chords  are  parallel. 
[L.  5  31].  It  is  an  eqni-distantial  whose  baseline  is  infinitelj"  re- 
moved. 

Circles,  boundary-curves,  equi-distantials  cut  at  right  angles  a 
system  of  copunctal  straights,  of  parallel  straights,  of  perpendi- 
culars to  a  straight,  respectively. 

Three  points  determine  one  of  these  curves;  that  is  through 
any  three  points  not  co-straight  will  pass  either  a  circle,  a  bound- 
ary curve,  or  an  equi-distantial,  and  only  one  such  curve. 

Any  triangle  may  be  inscribed  in  one  and  only  one  of  these 
curves. 

25.  Boundary-surface  we  call  that  surface  generated  by  the 
revolution  of  a  boundary -curve  about  one  of  its  axes. 

Principal  plane  we  call  each  plane  passed  through  an  axis  of 
the  boundary-surface. 

Every  principal  plane  cuts  the  boundary -surface  in  a  boundary- 
curve. 

Any  other  plane  cuts  the  boundary-surface  in  a  circle. 
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Boundary-triangles  whose  sides  are  arcs  of  the  boundary- 
curve  on  the  boundary-surface  have  the  same  interdependence  of 
angles  and  sides  and  the  same  angle  sum  as  rectilineal  triangles 
in  Euclid. 

Geometry  on  the  boundary-surface  is  the  same  as  the  ordinary 
Euclidean  plane  geometry.     [L.  §  31]. 

26.  Triangles  on  an  equidistant  surface  are  similar  to  their 
projections  oo  the  base  plane;  that  is,  they  have  the  same  angles 
and  their  sides  are  proportional. 

27.  In  the  hypothesis  of  obtuse,  a  straight  is  of  finite  size,  and 
returns  into  itself. 

This  size  is  the  same  for  all  straights.  Any  two  straights  can 
be  made  to  coincide. 

Two  straights  always  intersect. 

Two  straights  perpendicular  to  a  third  intersect  at  a  point 
half  a  straight  from  the  third  either  way. 

28.  A.  straight  in  the  hypothesis  of  obtuse  does  not  divide  the 
plane  into  hemiplanes. 

Starting  from  the  point  of  intersection  of  two  straights  and 
passing  along  one  of  them  over  a  certain  finite  sect,  we  come 
again  to  the  intersectioa  without  having  crossed  the  other 
straight. 

This  sect  is  the  whole  straight,  and  so  a  straight  has  not  really 
two  sides. 

There  is  one  point  through  which  pass  all  the  coplanar  perpen- 
diculars to  a  given  straight.  It  is  called  the  pole  of  that 
straight,  and  the  straight  is  its  polar, 

A  pole  is  half  a  straight  from  its  polar.  A  polar  is  the  locus  of 
coplanar  points  half  a  straight  from  its  pole.  Therefore  if  the 
pole  of  one  straight  lies  on  another  straight,  the  pole  of  this 
second  straight  is  on  the  first  straight. 

The  cross  of  two  straights  is  the  pole  of  the  join  of  their  poles. 

The  equidistantial  is  a  circle  with  center  at  the  pole  of  its  basal 
straight. 

Three  straights  each  perpendicular  to  the  other  two  form  a 
tri-rectangular  triangle.  It  is  self-polar,  each  vertex  being  the 
pole  of  the  opposite  side. 

29.  In  the  hypothesis  of  obtnse,  any  two  straights  enclose  a 
plane  figure,  a  digon. 

Two  digons  are  congruent  if  their  angles  are  equal. 

30.  In  the  hypothesis  of  obtuse,  all  perpendiculars  to  a  plane 
meet  at  a  point,  the  pole  of  the  plane.  It  is  the  center  of  a  sys- 
tem ol  spheres  of  which  the  plane  is  a  limiting  form  when  the 
radius  becomes  equal  to  half  a  straight. 
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Figares  on  a  plane  can  be  projected  from  similar  Bgures  on  any 
sphere  which  has  the  pole  of  the  plane  for  center.  They  have 
eqaal  angles  and  corresponding  sides  in  a  constant  ratio  de- 
pending only  on  the  radius  of  tlie  sphere. 

Geometry  on  a  plane  is  therefore  like  two-dimensional  spherics, 
but  the  plane  corresponds  to  only  a  hemisphere. 

The  plane  is  unbounded  but  not  infinite.  It  is  finite  in  extent. 
The  universe  is  unbounded  but  not  infinite.  It  is  finite  in  extent, 
or  content,  or  volume. 

Now  of  these  three  possible  geometries  of  uniform  space,  Bu> 
clid's  has  the  unexpected  disadvantage  that  it  can  never  be 
proved  to  be  the  system  actual  in  our  external  physical  world. 
To  establish  Euclid,  it  would  be  necessary  to  show  that  the 
angle-sum  of  a  triangle  is  exactly  a  straight  angle;  and  no  meas- 
urements can  ever  reach  exactitude. 

To  prove  one  of  the  others,  we  have  only  to  show  that  the 
sum  of  the  angles  of  some  triangle  is  less  than,  or  greater  than  a. 
straight  angle,  which  may  conceivably  be  done  even  by  inexact 
measurements. 

What  changes  ought  to  be  made  in  teaching  elementary  ge- 
ometry in  consequence  of  these  later  discoveries  and  the  princi- 
ples of  the  non-Euclidean  geometries? 

We  are  given  a  new  criterion  for  questions  of  method,  of  expo- 
sition.   For  example,  surface  spherics  attains  a  new  importance. 

When  properly  founded  and  expounded,  pure  spherics,  two-di- 
mensional spherics,  while  giving  all  the  old  results  and  laying  the 
foundation  for  spherical  trigonometry,  gives  also  a  picture  of  the 
planimetric  part  of  Riemann's  geometry,  and  becomes  a  touch- 
stone for  detecting  the  fallacies  and  assumptions  in  the  many 
pseudo-proofs  accepted  in  the  past,  such  as  attempts  to  lound 
parallelism  on  direction,  attempts  to  prove  all  right  angles 
eqnal,  etc. 

As  another  example,  we  see  a  new  stress  laid  on  the  incalcula- 
ble advantages,  educational  and  scientific,  of  Euclid's  procedure 
in  deducing  from  three  assumed  constructions  every  other  con- 
struction before  he  uses  it  in  any  demonstration.  The  glib 
method  of  sapposed  solutions  to  all  desired  problems,  of  hypo- 
thetical constructions,  is  now  seen  in  its  deformity  and  danger. 

Euclid  says,  under  the  heading  "Postulates:" 

"  I.  It  is  assumed,  that  a  straight  line  may  be  drawn  from  any 
one  point  to  any  other  point. 

"II.  And  that  a  terminated  straight  line  [a  sect]  may  be  pro- 
duced in  a  straight  line  continually. 
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"  III.  And  that  a  circle  may  be  described  with  any  center  and 
radius." 

From  these  Euclid  rigidly  deduces  every  problem  of  construc- 
tion he  wishes  to  use.  Says  Helmholtz:  "In  drawing  any  snb- 
Bidiary  line  for  the  sake  of  bis  deoionstration,  the  well-trained 
geometer  asks  always  if  it  is  possible  to  draw  such  a  line.  It  is 
notorious  that  problems  of  construction  play  an  essential  part 
in  the  system  ot  geometry.  At  first  sight  these  appear  to  be 
practical  operations,  introduced  for  the  training  of  learners;  but 
in  reality  they  have  the  force  of  existential  propositions.  They 
declare  that  points,  straight  lines,  or  circles,  such  as  the  prob- 
lem requires  to  be  constructed,  are  possible  under  all  conditions, 
or  they  determine  any  exceptions  that  there  may  be," 

Euclid's  first  three  propositions  are  problems. 

The  most  popular  American  geometry,  Wentworth's,  (1899), 
puts  Euclid's  two  first  postulates  on  page  8,  and  the  third  pos- 
tulate a  whole  book  later,  and  then  never  has  a  single  problem 
of  construction  until  page  112.  where  he  says:  "Hitherto  we 
have  supposed  the  figures  constructed.'' 

Meantime,  on  page  88,  he  gives  as  a  "theorem:"  "Through 
three  points  not  in  a  straight  line,  one  circumference,  and  only 
one,  can  be  drawn. 

He  gives  as  his  "  Proof.  Draw  the  chords  AB  and  BC.  At  the 
middle  points  of  AB  and  BC  suppose  perpendiculars  erected. 
These  perpendiculars  will  intersect  at  some  point  0,since  AB  and 
BC  are  not  in  the  same  straight  line," 

Now  the  tremendous  existential  import  of  the  problem,  to 
draw  a  circle  through  three  non-costraight  points,  will  be  recog- 
nized when  1  say  that  in  general  it  is  not  possible.  In  the  Lo- 
bachevski  geometry  not  every  triangle  has  its  vertices  concyclic. 
Granting  that  every  three  points  mnst  be  costraight  or  concyclic, 
we  prove  the  parallel-postulate. 

Of  the  possible  geometries  we  cannot  say  a  priori  which  shall 
be  that  of  our  actual  space,  the  space  in  which  we  move. 

The  hereditary  geometry,  the  Euclidean,  is  uaderivable  from 
real  experience  alone,  and  can  never  be  proved  by  experience. 
Euclidean  space  is,  at  least  in  part,  a  creation  of  the  human  mind. 
Its  adequacy  as  a  subjective  form  for  experience  has  not  yet  been 
disproved.    It  can  never  be  proved. 

The  realities  which  with  the  aid  of  our  subjective  space  form 
we  understand  under  motion  and  position,  may,  with  the  com- 
ing of  more  accurate  experience^ refuse  to  fit  in  that  form. 

Our  mathematical  reason  may  decide  that  they  would  be  fitted 
better  by  a  aon-Euclideau  space  form. 


.y  Google 


George  Bruce  Hahted.  199 

Comparative  geometry  finally  overthrows  that  superficial 
method  which  pretends  to  foand  a  logically  sound  exposition  of 
geometry  on  "direction,"  undefined. 

For  more  than  20  years  Wentworth  gave  his  definition  "A 
straight  line  is  a  line  which  has  the  same  direction  throughout 
its  wbole  extent."    (1877,Def.8.    lS86,p.4.;  1888,  g  17). 

At  last  he  discards  his  aged  error,  and  takes  the  definition  of 
non-Euclidean  geometry,  "a  straight  is  the  line  determined  by 
two  points"  (1899,  §§  36  and  46). 

Tbouch  the  Bolyai  and  the  Riemann  geometries  are  founded  on 
the  straight,  yet  to  say  in  them  of  two  straights  that  they  have 
the  same  direction  has  no  ordinary  meaning,  since  in  Riemann 
every  two  straights  cross  and  inclose  a  space,  while  in  Bolyai 
every  two  parallels  continually  approach  each  other. 

So  as  to  direction,  Wentworth  has  reform'ed,  after  20  years  in 
the  land  of  nod. 

But  he  still  says,  1899,  §  49,  "  A  straight  line  is  the  shortest 
line  that  can  be  drawn  from  one  point  to  another." 

Now  a  relation  of  equality  or  inequality  between  two  magni- 
tudes must  havcsome  foundation,  and  be  capable  of  some  intel- 
ligible test.  In  the  traditional  geometry  the  foundation  of  all 
proof  by  Euclid's  method  consists  in  establishing  the  congruence 
of  magnitudes. 

To  make  the  congruence  evident,  the  geometrical  figures  are 
supposed  to  be  applied  to  one  another,  ot  course  without  chang- 
ing their  form  and  dimensions.  But  since  no  part  of  a  curve  can 
be  congruent  to  any  piece  of  a  straight,  so,  for  example,  no  part 
of  a  circle  can  be  equivalent  to  any  sect  from  the  definition  of 
equivalent  magnitudes  as  those  which  can  be  cut  into  pieces  con- 
gruent in  pairs. 

In  any  comparison  of  size  by  congruence,  wc  must  be  able  to 
place  one  of  the  magnitudes  or  portions  of  it  in  complete  or 
partial  coincidence  with  the  other.  No  such  direct  comparison 
can  be  instituted  between  a  straight  and  a  line  no  piece  of  which 
is  straight.  Thus  the  whole  of  Euclid's  Elements  fails  utterly  to 
tnstitate  or  prove  any  relation  as  regards  size  between  a  sect  and 
an  arc  joining  the  same  two  points.  The  operation  of  measure- 
ment we  cannot  eflFect,  rigorously  speaking,  either  for  curves  or 
for  curved  surfaces,  since  the  unit  for  length  is  a  sect,  and  the 
noit  for  area,  the  square  on  that  sect.  In  fact,  however  little 
may  be  the  parts  of  a  curve,  they  do  not  cease  to  be  curved,  and 
consequently  they  cannot  be  compared  directly  with  a  sect;  just 
as  parts  of  a  curved  surface  are  not  directly  comparable  with 
portions  of  a  plane. 
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We  cannot  even  affirm  that  any  ratio  exists  between  a  circle 
and  its  diameter  nntil  after  we  have  made  some  extra- Buclideaa 
and  post-Euclidean  assumption  at  least  equivalent  to  the  follow- 
ing: 

No  minor  arc  is  less  than  its  chord;  and  no  arc  is  greater  than 
the  sum  of  the  tangents  at  its  extremities.  If  the  curve  be 
other  than  a  circle  we  assume  that  on  it  one  can  always  take 
two  points  so  near  that  the  arc  between  these  points  is  not  less 
than  its  chord,  nor  greater  than  the  broken  line  formed  by  the 
two  tangents  touching  its  extremities.  Some  sach  assumption 
is,  in  fact,  necessary,  but  it  destroys  by  itself  the  primitive  idea  of 
measuring  curves  with  straights. 

Dahamel  gives  the  assumption  the  following  form:  The  length 
of  a  curve  shall  be  the  limit  toward  which  the  length  of  a  broken 
Hne  made  up  of  consecutive  chords  of  that  curve  approaches, 
when  the  number  of  chords  is  increased  in  such  a  mannerthat  the 
chords  all  approach  zero  as  limit. 

Thus  the  evaluation  of  the  length  of  a  curve  represents  not  at 
all  an  attempt  at  rectification  strictly;  but  it  has  for  aim  the 
finding  of  a  limit  to  which  another  magnitude  would  approach. 

In  geometry  one  proves  that  as  the  subdivisions  are  increased 
and  the  sides  tend  toward  the  limit  zero,  the  perimeter  of  the 
polygon  inscribed  in  a  circle  increases,  circumscribed  decreases, 
toward  the  same  limit,  which  then  is  assumed  for  the  magnitude 
of  the  circle. 

Therefore  when  Phillips  and  Fisher,  of  Yale,  give  as  their  defini- 
tion of  a  straight  (1898,  p.  4,  §  7,  Del.)  "A  straight  line  is  a  line 
which  is  the  shortest  path  between  any  two  of  its  points,"  they 
pass  through  and  beyond  Buclid's  Elrments  to  give  us  his  sim- 
plest element ;  they  institute  a  comparison  not  only  with  circular 
arcs,  but  also  with  all  curves  known  and  unknown;  they  presup- 
pose a  foreknowledge  of  all  lines  in  a  definition  of  the  simplest 
line.  Is  it  still  needful  to  say  this  is  grossly  bad  logic,  bad  peda- 
gogy, bad  mathematics. 

The  scientific  doctrine  of  evolution  postulates  a  world  inde- 
pendent of  man,  and  teaches  the  outcome  of  man  from  lower 
forms  of  life  in  accordance  with  wholly  natural  causes.  In  this 
world  of  evolution  experience  is  a  teacher,  but  man  is  a  creatcr, 
and  the  mighty  examiner  is  death. 

The  puppy  bom  blind  must  still  be  able,  guided  by  the  sense  of 
smell,  to  superimpose  his  mouth  upon  a  source  of  nourishment. 
The  little  chick,  responding  to  the  stimulus  of  a  small  bright  ob- 
ject, must  be  able  to  bring  his  beak  into  contact  with  the  object 
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80  as  to  grasp  and  then  swallow  it.  The  springing  goat  that 
misjudges  an  abyss  is  lost. 

So  too  with  man.  His  ideas  must  in  some  way  correspond  to 
this  independent  world,  or  death  passes  upon  him  an  adverse 
judgment. 

But  it  is  of  the  very  essence  of  the  doctrine  of  evolution  that 
man's  metric  knowledge  of  this  independent  world,  having  come 
by  gradual  betterment  and  through  imperfect  instruments,  for 
example  the  eye,  cannot  be  absolute  and  exact. 

The  results  of  any  observations  are  always  with  certain  defin- 
ite limitations  as  to  exactitude  and  under  particular  conditions. 

Mao  the  creator  replaces  these  results  by  assumptions  presumed 
to  have  absolute  precision  and  generality,  such  as,  for  example, 
the  so-called  axioms  of  Euclid. 

If  two  natural  hard  objects,  susceptible  of  high  polish,  be 
ground  together,  their  surfaces  in  contact  may  be  so  smoothed  as 
to  fit  closely  together  and  slide  one  on  the  other  without  separ- 
ating. It  now  a  third  surface  be  ground  alternately  against 
each  of  these  two  smooth  surfaces  until  it  accurately  fits 
both,  then  we  say  that  each  of  the  three  surfaces  is  approxi- 
mately plane,  is  a  piece  of  a  plane. 

If  one  such  plane  be  made  to  cut  through  another,  we  say  the 
common  line  where  they  cross  is  approximately  a  straight. 

The  perfect,  the  ideal  plane  is  a  human  creation  under  which  we 
seize  the  imperfect  data  of  experience. 

If  three  approximate  planes  on  real  objects  be  made  to  cut 
through  a  fourth  approximate  plane,  then  the  three  approximate 
straights  are  formed  on  this  fourth  plane,  and  in  general  they  are 
found  to  intersect,  and  the  figure  they  make  we  may  call  an  ap- 
proximate triangle. 

Such  triangles  may  vary  greatlyin  shape.  But  no  matter  what 
the  shape,  if  we  cut  off  the  six  ends  of  any  two  such,  and  place 
them  side  bystde  on  a  plane  with  their  vertices  at  the  same  point, 
the  six  are  found  with  a  high  degree  of  approximation  just  to  fill 
up  the  plane  about  the  point.  If  the  whole  angular  magnitude 
about  any  point  in  a  plane  be  called  a  perigon,  then  we  may  say 
that  the  six  angles  of  any  two  approximate  triangles  are  found 
to  be  together  approximately  a  perigon. 

Now  does  the  exactness  of  this  approximation  to  a  perigon  de- 
pend only  on  the  straightness  of  the  sides  of  the  original  tvro  tri- 
angles, or  also  upon  their  size  ? 

If  we  know  with  absolute  certitude  that  the  size  of  the  trian- 
angles  has  nothing  to  do  with  it,  then  we  know  something  that 
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we  have  no  right  to  know  according  to  the  doctrine  of  evolution, 
something  impossible  for  us  ever  to  have  learned  evolotionally . 

Yet  before  the  epoch-making  ideas  of  Bolyai  JAnos  and  Loba- 
chevskt,  everyone  supposed  we  were  perfectly  sure  that  the  angle- 
snm  of  an  actual  approximate  triangle  approached  a  straight  an- 
gle with  an  exactness  dependent  only  on  the  straightness  of  the 
sides  and  not  at  all  on  the  size  of  the  triangle. 

But  if  in  the  mechanics  of  the  world  independent  of  man  we 
were  absolutely  certain  that  all  therein  is  Euclidean  and  only 
Euclidean,  then  Darwinism  would  be  disproved  by  the  reductio 
ad  absnrdnm. 

All  our  measurements  are  finite  and  approximate  oply. 

The  mechanics  of  actual  bodies  in  what  Cayley  called  the  exter- 
nal  space  of  our  experience,  might  conceivably  be  shown  by 
merely  approximate  measurements  to  be  non-Euclidean,  just  as  a 
body  might  be  shown  to  weigh  more  than  two  grams  or  less 
than  two  grams,  though  it  never  could  be  shown  to  weigh  pre- 
cisely, absolutely  two  grams. 

The  outcome  of  the  non-Euclidean  geometry  is  a  new  freedom 
to  explain  and  understand  our  universe  and  ourselves. 


MERCURY  AS  A  NAKED  EYE  OBrECT. 

W.  p.  DBNKING. 

Rarely  visible,  and  always  difficult  to  observe  satisfactorily  in 
a  telescope,  this  planet  is  yet  a  most  attractive  object  to  the  un- 
aided eye.  Not  receding  to  a  greater  distance  than  28°  from  the 
Sun,  he  is,  however,  never  above  the  horizon  in  England  for  a 
longer  period  than  two  and  a  quarter  hours  before  sunrise,  or 
for  a  similar  interval  after  sunset.  When  an  evening  star  in  the 
spring  months  or  a  morning  star  in  the  autumn  season,  he  may 
often  be  caught  and  watched  for  an  hour  or  so,  shining  with  a 
sparkling,  rosy  lustre,  and  presenting  much  the  same  aspect  as  a 
fixed  star. 

To  secure  a  view  of  Mercury  forms  one  of  the  earliest  and  great- 
est ambitions  of  the  amateur  astronomer.  Among  his  first  books 
there  will  sure  to  be  a  copy  of  Mitchell's  "Orbs  of  Heaven,"  or 
Dick's  "Celestial  Scenerj-,"  and  on  reading  the  statement  that 
Copernicus  never  succeeded  in  seeing  Mercury,  he  resolves  that  he 
will  do  his  best  to  catch  a  glimpse  of  this  elusive  little  "  Messen- 
ger of  the  Gods."    After  some  vain  attempts  he  Anally  succeeds, 
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and  it  is  not  too  much  to  say  that  the  spectacle  sometimes  ex- 
cites  and  gratifies  the  observer  more  than  any  other  subsequent 
event  in  his  astronomical  career.  Who  is  there  among  ns  who 
does  not  remember  the  thrill  of  pleasure  incited  by  the  first  detec< 
tion  of  this  fugitive  orb,  dnd  the  conscious  pride  with  which  we 
realized  that  we  had  commenced  our  celestial  work  by  achieving 
a  feat  which  had  been  denied  to  the  greatest  astronomer  of  the 
sixteenth  century  ? 

Bat,  as  a  matter  of  fact,  there  seems  to  be  considerable  doubt 
whether  Copernicus  ever  really  complained  of  failure  to  see  Mer- 
cury. There  is  evidence  to  show  that  he  never  expressed  himself 
in  the  manner  quoted  in  many  of  our  popular  text-books.  There 
may,  it  is  true,  have  been  some  ground  for  the  statement,  but  it 
is  well  known  that  a  biographer  has  only  to  introduce  a  special 
incident  of  the  kind  alluded  to,  or  to  unduly  color  some  expression, 
and  whether  on  doubtful  evidence  or  not,  it  is  liable  to  be  copied 
and  recopied  by  subsequent  writers  without  any  investigation 
until  it  becomes  generally  accepted  as  a  fact.  But  admitting  for 
the  moment  that  Copernicus  really  faded  to  discern  Mercury,  he 
seems  to  have  bad  very  good  reason  for  it.  His  residence  was  at 
Thorn,  in  Prussia,  and  through  thevalley  near  ran  the  River  Vis- 
tula, over  which  were  frequent  fogs  which  obliterated  objects 
near  the  horizon. 

This  tradition  about  Copernicus  and  Mercnry  has  certainly, 
however,  enhanced  the  interest  with  which  the  planet  is  regarded 
as  a  naked-eye  object.  The  beaatiful  white  lustre  of  Venus — in- 
comparably  brighter  than  the  aspect  of  Mercury — the  stronger 
and  steadier,  yellowish  light  of  Jupiter,  or  the  conspicuous  ruddy 
hue  of  Mars  may  present  a  more  striking  appearance  in  the  sky 
than  the  twilight- veiled  splendor  of  Mercury,  but  there  is  some- 
thing  about  the  sparkling  lustre  of  the  latter  orb,  hovering  fugi- 
lively  on  the  brow  of  the  horizon,  which  forms  an  attraction 
peculiarly  its  own. 

•        **»*•■»»'••••, 

On  reference  to  my  note-book  I  find  that  I  obtained  naked-eye 
views  of  Mercury  on  102  occasions  between  February,  1868,  and 
December,  1899.  But  the  planet  was  very  rarely  looked  for  here 
at  the  morning  apparitions,  and  not  always  at  really  favorable 
spring  elongations.  If  an  observer  with  good  sight  made  it  a 
point  to  secure  as  many  unassisted  eye  observations  of  this  ob- 
ject as  possible,  he  might  be  successful  on  about  twelve  occasions 
in  a  year.  In  a  finer  climate  than  ours,  the  planet  may, of  course, 
be  more  frequently  seen.    I  think  that  some  disappointments  in 
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regard  to  finding  Mercury  are  due  to  the  fact  that  observers  scan 
the  heavens  at  or  after  the  time  of  maximum  eastern  elongations, 
instead  of  during  a  week  or  more  preceding  them.  The  phase  and 
apparent  brilliancy  decrease  rapidly  at  these  periods.  I  have  oc- 
casionally noticed  Mercury  as  a  very  brilliant  object  about  ten  or 
twelve  evenings  before  his  greatest  elongation,  while  at  the  date 
of  his  elongation  he  has  appeared  quite  faint,  and  a  few  evenings 
later,  become  practically  invisible,  though  above,  the  horizon  for 
about  two  hours  after  sunset. 

My  observations  in  various  years  have  led  me  to  the  following 
conclusions  regarding  the  visibility  of  the  planet  at  the  evening 
apparitions: — 

(1)  The  greatest  brightness  of  the  planet  is  attained  ten  or 
twelve  days  prior  to  his  greatest  elongation, 

(2)  In  February  and  March  the  planet  may  sometimes  be 
caught  twenty  minutes  after  sunset,  in  April  thirty  minutes  after 
sunset,  and  in  May  forty  minutes  alter  sunset.  The  stronger  twi- 
light towards  midsummer  occasions  the  difference. 

(3)  The  duration  of  his  visibility  to  the  naked  eye  is  about  l*" 
40'"  in  March,  1''  30"'  in  April,  and  1''  20'"  in  May.  On  a  very  ex- 
ceptional occasion  it  is  possible  these  limits  may  be  exceeded. 

(4)  The  planet  is  a  conspicuous  object,  and  certainly  much 
brighter  than  a  1st  mag.  star.  In  February,  1868,  I  considered 
that  his  lustre  vied  with  that  of  Jupiter,  then  only  2°  or  3°  dis- 
tant. In  November,  1882,  he  appeared  brighter  than  Sirius.  In 
1876  he  looked  more  striking  than  Mars,  then  13''  distant,  but 
the  latter  planet  was  faint  and  at  a  considerable  distance  from 
the  Earth. 

The  greatest  number  of  naked  eye  observations  of  Mercury  at 
the  same  elongation  was  obtained  at  Bristol  in  spring  of  1876, 
when  the  planet  was  seen  on  thirteen  dififerent  evenings.  When 
Venus  is  near  Mercury  at  a  favorable  time,  she  affords  an  excellent 
guide  to  the  identification  of  the  latter.  But  errors  have  ofteo 
been  induced,  and  either  Venus  or  Jupiter  has  been  mistaken  for 
Mercury  on  many  occasions.  In  April,  1898,  Venus  was  near 
Mercury,  and  some  people,  including  a  few  regular  astronomical 
observers,  readily  saw  Venus  and  believed  (and  still  ardently  be- 
lieve) that  they  were  looking  at  Mercury.  ' 

The  albedo,  or  reflecting  capacity  of  the  planet,  is  rated  exceed- 
ingly low,  being  only  0.11,  whereas  Mars  is  0.27,  Saturn  0.50, 
and  Venus  and  Jupiter  0.62.  This  is  remarkable  when  we  consider 
the  occasional  striking  brightness  of  the  small  planet  in  a  region 
of  the  sky  full  of  strong  twilight.    By  telescopic  comparisons  of 


.y  Google 


The  Laaar  Atmosphere.  205 

the  disc  of  Mercury  with  other  planets,  it  is,  however,  easily  seett 
that  the  former  is  relatively  feeble  in  brilliancy.  On  May  12, 
1890,  I  viewed  Mercury  and  Venus  in  the  same  field  of  view  of  a 
10-inch  reflector,  and  remarked  that  the  brilliant  silvery  light  of 
Venns  contrasted  strongly  with  the  much  duller  hue  of  Mercury. 
The  probability  is  that  the  latter  abject  is  provided  with  a  much 
thinner  atmosphere  than  that  which  envelopes  his  sister  planet. 
There  are  undoubted  markings  visible  on  Mercury,  but  they  are 
nothing  like  the  peculiar  representations  of  themwhic^  have  been 
published  in  the  last  few  years.  The  extreme  difficulty  of  obtain- 
ing satisfactory  views  of  the  planet  furnishes  the  principal  reason 
why  his  rotation  period  still  awaits  accurate  determination. 
Nature,  March  1,  1900. 


THE  LUNAR  ATMOSPHERE. 

In  the  light  of  the  observations  already  described,  we  now 
seem  justified  in  concluding  that  the  Moon  is  surrounded  by  an 
atmosphere.  Indeed,  nearly  all  the  volcanic  phenomena  de- 
scribed in  this  volume  involve  the  escape  of  imprisoned  gases. 
The  visual  and  photographic  observations  of  the  occultation  of 
Jupiter,  described  upon  pages  82  and  83,  indicate  that  upon  the 
sunlit  side  of  the  Moon  this  atmosphere  is  filled  to  a  height  of 
about  six  kilometers,  or  four  miles,  with  some  absorbing  me- 
dium, which  is  absent  upon  the  dark  side.  These  same  observa- 
tions upon  Jupiter  show  that  the  gaseous  tension  at  the  lunar 
surface  is  so  slight  that  the  refraction  2  H  is  less  than  0".5. 
Since  it  was  necessary  to  give  very  short  exposures,  the  photo, 
graphs  could  not  be  taken  upon  a  larger  scale  than  5"  to  a  milli- 
meter. The  13  inch  telescope  was  employed,  but  with  a  larger 
aperture  and  consequently  more  light  it  would  be  possible  to 
take  the  negatives  upon  a  larger  scale,  and  thus  obtain  more  ac- 
curate results. 

Upon  the  night  of  October  13,  1897,  the  moon,  which  wiis  full 
upon  October  10,  occulted  Alcyone  in  the  I'leiades.  As  seen  from 
Cambridge  the  star  disappeared  behind  the  bright  limb  at  a 
point  near  Anaximander,  or  about  twenty  degrees  to  the  east  of 
the  north  pole.  Time  of  disappearance  12"  35'"  G.  M.  T.  The 
micrometer  thread  had  previously  been  set  to  coincide  with  the 
star  and  its  brightest  companion  p  (Bessel).  P.  A.  289°,  Dis- 
tance 117".  The  stars  were  carefully  watched  as  they  ap- 
proached the  limb  of  the  Moon,  but  not  the  slightest  deviation 
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in  the  position  angle  due  to  lunar  refraction  could  be  detected. 
At  tbe  time  of  the  disappearance  of  Alcyone,  p  was  still  about 
15"  from  the  Moon's  limb.  Alcyone  reappeared  ft-otn  behind  the 
dark  limb  at  13"  IS".  The  micrometer  had  not  been  moved  in 
the  mean  time,  and  the  coincidence  of  its  thread  with  the  two 
stars  was  still  found  to  be  exact.  The  position  angle  of  the 
thread  was  now  changed  by  0°.2.  The  effect  upon  the  stars  was 
quite  marked,  and  it  is  very  certain  that  any  such  displacement 
of  the  stars  with  regard  to  tbe  thread  would  have  been  noticed. 
It  was  found  that  a  change  of  0°.l  would  hardly  have  been  seen, 
although  it  might  ha-vc  been.  Since  the  distance  between  the 
stars  was  117",  and  the  distance  from  the  companion  to  ^he 
limb  was  15",  the  line  joining  tbe  two  start  was  inclined  at  an 
angle  of  7°  to  the  surface  of  the  Moon.  A  change  of  0°.l  would 
therefore  correspond  to  a  displacement  of  Alcyone  by  Innar  re- 
fraction of  0".2. 

Since  the  force  of  gravitation  upon  the  surface  of  th«  Moon  is 
but  one-sixth  as  great  as  it  is  upon  the  Earth,  the  distance  that 
we  should  have  to  ascend  in  the  Moon's  atmosphere  to  reduce 
the  pressure  by  one-half  is  six  times  as  great  as  the  distance  to 
which  we  must  ascend  above  the  surface  of  the  Earth.  In  the 
case  of  the  Earth  this  distance  is  three  and  one-half  miles.  To 
reduce  the  pressure  of  the  lunar  atmosphere  by  one-half  we 
should  have  to  ascend  twenty-one  miles,  or  about  17"  at  the 
Moon's  limb  as  seen  from  the  Earth.  .  Since  at  the  disappearance 
of  Alcyone  p  was  still  15"  above  the  Moon's  limb,  the  lunar  re- 
fraction would  displace  it  about  one  half  as  much  as  it  did  its 
primary.  Therefore,  if  the  change  of  position  angle  of  the  stars 
did  not  exceed  0°.l,  the  effect  of  the  lunar  refraction  2  H  could 
not  exceed  0".4  upon  the  bright  side  of  the  Moon. 

This  observation  is  really  a  repetition  of  one  that  I  made  at 
the  Lowell  Observatory  in  1894,  with  the  same  result.  The  in- 
strument employed  in  the  present  observation  was  the  15-inch 
equatorial,  with  a  magnification  of  550.  The  two  fainter  com- 
panions of  Alcyone  were  both  watched  during  the  occultation, 
although  they  were  seen  with  too  much  difficulty  to  obtain  re- 
sults of  tbe  highest  accuracy  had  it  been  necessary  to  use  them 
in  the  research.  The  photographic  magnitudes  of  Alcyone  and 
its  three  companions,  according  to  these  annals,  Vol.  XVIII,  pp. 
158,  159,  are  3.42,  6.64.  8.14  and  8.69. 

In  the  Astropbysical  Journal  for  1897.  Vol.  VI,  p.  421,  is  given 
a  list  of  twelve  observations  made  between  May  8  and  October 
3,  1897,  by  Professor  Comstock,  of  occultations  of  stars  ob- 
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■crvcd  with  a  6Iar  micrometer.  All  of  bis  observations  were  of 
immenions  on  the  dark  side  of  the  Moon.  Prom  tbem  he  con- 
clades  that  upon  the  dark  side  the  maximum  permissible  value  of 
2Hi8  0".2. 

When  observing  occaltations  of  stars  with  the  filar  microme' 
ter,  if  the  direction  of  the  line  joining  the  stars  is  nearly  parallel 
to  the  occulting  limb,  their  refraction  should  be  measured,  as  in 
the  above  case,  by  means  of  the  observed  position  angle.  If  the 
line  joining  the  ntars  is  nearly  perpendicular  to  the  limb,  the  re- 
fraction should  be  measured  by  determining  the  variation,  if 
any,  in  the  distance  between  the  two  stars.  In  either  case  the 
most  accurate  results  can  be  obtained  when  the  star  is  occulted 
near  the  north  or  south  limb  of  the  Moon.  Under  these  circam> 
stances  we  have  more  time  in  which  to  make  the  observation, 
and  we  have  less  trouble  front  the  irregular  running  of  the  tele- 
scope, as  the  threads  then  liein  an  approximately  east  and  west 
direction.  It  is  believed  that  greater  accuracy  would  be  obtained 
if  one  could  measure  the  distance  between  two  stars  rather  than 
if  one  were  obliged  to  measure  their  position  angle. 
TABLE  LXII. 

LIST  OF    WIDE    DOUBLE   STAKS   AND    CLUSTERS    OCCULTED  BY   THE 
UOON. 


No. 

Obj«.. 

Mdeb. 

P.. 

Dill. 

77  Pimcipm .'-. 

5  9    5.8 

4.2  5.3 

.■J7    7.8 
62    8 

5  7.2 

6  7 

e      8 

42    8 
6        69 

4  7.2 

1.5    8.4 

6.3  7  3 

5  7 
5.9    6  4 
3        6 
i.l     7 

3        8 

5       8.3 
2.5    6 
6.3    6.8 

82.7 
63.7 

25.3 
2S9.7 
21:!.4 
158.6 
205.4 
329.1 
209.8 
361.6 

306.6 
150. 
169  6 
196  3 

336.8 
271.2 

1772 
267.1 
239.9 

32.8 

PkiadM 

62^""::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

8.  A.  C.  1562 

78.8 

B  A.  C.  4134. 

a  Libra 

28  Scorpii 

20.1 
40.8 

6523  (M  S)  Sagitarii  (cum.)  Near  B.  A.  C.  6088 

7<t 

206.3 
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In  the  preceding;  table,  which  has  been  deduced  from  "  Celestial 
Objects  for  Common  Telescopes,"  by  T.  W.  Webb,  is  given  a  list 
of  those  double  stars  sometimes  occulted  by  the  Moon,  whose 
distance  exceeds  20"  and  whose  fainter  component  is  brighter 
than  magnitude  8.5.  A  few  clusters  of  brilliant  stars  are  also 
included. 

Bearing  in  mind  the  most  favorable  conditions,  that  the  stars 
should  lie  in  a  nearly  north  and  south  direction,  that  they  should 
not  be  too  far  apart,  and  that  the  companion  should  not  be  too 
faint,  we  may  select  B.  A.  C.  4134  as  decidedly  the  most  favora- 
ble star  for  this  investigation.  After  it  follow,  in  the  order  of 
their  desirability,  20  Geminorum,  23  Scorpii,  83  Leonis,  and  X 
Tauri.  The  investigation  is  perhaps  more  likely  to  lead  to  a  pos- 
itive result  if  the  disappearance  takes  place  behind  the  bright 
limb  of  the  Moon,  as  on  account  of  the  higher  temperature  an 
atmosphere  is  more  likely  to  be  found  upon  that  side.  The  Moon 
should  therefore  be  past  the  full.  If  the  occultation  is  a  grazing 
one,  however,  so  that  the  relative  motion  of  the  Moon's  limb 
and  the  star  is  slow,  disappearances  and  reappearances  can  be 
observed  with  nearly  equal  accuracy,  and  the  age  of  the  Moon  is 
unimportant.— W.  H.  Pickering  in  H.  C.  O.  Annals,  Vol.  XXXII, 
Part  II. 


SPECTROSCOPIC  NOTES. 

The  total  eclipse  of  May  28  is  now  so  near  at  hanti  that  mogt  of  the  aulijecta 
for  etudj  hAve  been  decided  upon  and  many  o(  tlie  preparations  for  ohservalit  a 
have  been  cinnpkted.  The  observalions  of  recent  eciipBes  will  be  repeated  with 
care;  and  unless  some  suhslantini  advttnceis  scored  this  witt  at  least  have  to  be 
teckoacd  a  less  productivi'  eclipse  Ihan  the  last  three. 

Probably  the  most  extended  study  will  be  devoted  to  matters  spectroscopic. 
Th«  flash  spectrum  at  the  instants  cf  bCRinninK  and  end  of  totality  will  be  fur- 
ther investigated,  both  phot ogrn phi i.'flHy  and  visually,  with  various  types  of  in- 
strument, but  eFpecially  with  the  prismatic  camera.  The  question  of  I  he  precife 
position  of  the  corona  line,  made  so  interesting  by  the  results  of  the  last  eclipse, 
will  receive  attention,  the  instrument  being  primarily  the  silt  spFCtroscope.  The 
distribution  of  'coronium,'  requires  further  study,  and  vatunble  work  maybe 
done  with  apparatus  no  more  complex  than  a  binocular  with  a  direct  vision 
prism  before  one  of  the  glasses.  The  rotation  of  the  corona,  as  shown  by  minute 
displacement  of  the  corona  line,  can  be  studied  better  a  year  later,  when  totalltj 
will  be  mnch  longer. 

Among  the  opportunities  for  observation  not  distinctly  spectroscopic  are, 
large  scale  photographs  of  the  corona  with  lenses  of  great  focal  length;  with  in- 
struments of  moderate  size  short  exposure  photographs  to  get  the  detail  of  (be 
inner  corona,  and  long  exposure  photographs  to  get  the  extension  of  the  outer 
corona;  measurement  of  the  heat  radiation  of  the  corona;  naked  eye  drawings  of 
the  corona,  preferably  of  some  limited  portion  of  the  corona  only;  telescopic  ez- 
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Amination  of  the  corona,  particQlarly  in  the  neighborhood  of  the  prominencea; 
the  polarization  of  the  light  of  the  corona;  eatimation  of  the  total  light  of  the 

Aside  from  the  atudjr  of  tbe  Sun  itself  there  are,  a  photographic  eearcb  for 
intra-mercnrial  planeti;  detcrminatioa  of  the  brightness  of  Mercnr;  nith  the 
whole  of  the  disc  illnninated,  as  at  this  eclipse  Mercurj  will  be  nearlj  at  aa- 
perior  conjunction;  and  a  search,  if  the  sicjr  be  dark  enough,  for  a  satellite  of 
Uercnrj. 

Intending  obaerrers.  who  are  not  accustomed  to  thinking  of  eclipse  matteri 
wonid  do  well  to  consnit  some  report  of  diversified  eclipse  observations,  sncb  as 
Sir  Norman  LocliTer's  papers  in  Nature,  or  the  Report  of  the  Expedition  of  tbe 
British  Astronomical  Aasociation  to  the  Indian  Eclipse;  or  some  detailed  ex- 
planation of  possible  observations,  aucb  aaProfesaor  Hale's  "Eclipse  Problems" 
{Astropbysical  Joornai,  Jan.  1900),  or  Mr.  Manoder's  "Eclipse  Soggcstioas" 
{foaraal  British  Astrooomieal  Associatloa,  Vol.  10,  No.  4).  Bot  any  observer 
in  selecting  his  work  is  distressinglv  conscientioas  if  be  arranges  a  program 
which  does  not  permit  a  plain  view,  at  least  momentary,  of  the  corona. 


Dr.  Ambritnn,  in  hia  elaborate  Haadbach  der  tnatrumentenkunde,  devotea44 
pages  out  of  1264  to  " apeetralupparate;"  vol.  2,  cbap.  14.  pp.  725-768.  The 
compilation  and  description  of  spectrum  apparatus  there  given  is  avowedly  less 
csbanative  than  for  other  types  of  astronomical  instruments.  TbeGrstofthe 
three  sections  of  the  chapter  contains,  briefly,  a  discussion  of  dispersion,  achrom- 
atiam,  and  the  character  of  the  spectrum  lines;  a  descriplion  of  prism  systems 
employed,  including  compound  and  direct -vision  prisms;  and  a  statement  of  tbe 
theory  of  the  cylindrical  lens.  In  the  second  and  longest  sectiou  tbe  various  types 
of  spectroscopes  are  enumerated  and  briefly  described :  The  objective  prism,  the 
ocular  direct-vision  spectroscope;  the  slit  spectroscope,  with  its  various  arrange- 
ments of  slit  and  of  index  or  micrometer,  and  in  its  variety  of  forms,  as  the  star 
spectroscope  of  precision  of  the  usual  form,  the  hair-prism  spectroscope,  and  the 
grating  spectroscope.  Tbe  third  section  describes  briefly  tbe  spectrograph,  in- 
cluding the  speciro- heliograph. 


In  a  paper  communicated  to  Ibe  Royal  Astronomical  Society  ( Oiservslorj', 
January),  Professor  Barnard,  describing  his  attempt  to  determine  whether  the 
faint  nucleus  of  tbe  ring  nebula  in  Lyra  is  of  the  same  constitution  as  the  nebula, 
states  tbat  in  the  40  inch  telescope  of  tbe  Yerbes  Observatory  tbe  nucleus  comes 
to  focus  0.06  inches  farther  out  than  a  star,  while  a  planetary  nebula  comes  to 
focus  0.26  inches  farther  out  than  a  star. 


Professor  Campbell  and  Mr.  Newall  (06serv«(on-.  February)  agree  in  finding 
for  the  period  of  the  spectroscopic  binary  Capella  104  days.  The  two  compon- 
ents, one  of  the  solar  type,  the  other  of  the  type  of  Procyon,Bre  found  to  be  nearly 
eqnal  in  mass.  The  results  for  tbe  velocity  are  from  Professor  Campbell's  obser- 
vations -|-  31  kilometres  per  second  for  the  system,  tbe  component  of  tbe  solar 
type  ranging  from  +  4  to  +  57  km.;  from  Mr.  Newall'a  observations  +  27  km. 
per  second,  the  solar  component  ranging  from  0  to  -{-  54  km.  per  second, 

A  few  pages  later  in  the  same  number  occurs  the  statement  that  several  nega. 
tives  of  the  spectrum  of  Capella,  taken  at  the  Washington  Observatory,  were 
rejected  on  account  of  the  duplication  of  the  spectrum  lines,  supposed  to  be  due 
to  some  defect  in  the  spectroscope. 
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AmODg  the  miMxIlaiieoiK  rcMsrcbci  dcacribed  hi  the  HarrMrd  OtMtrvmtorf 
Annalt,  Vol.  33,  is  ao  acconnt  of  lome  obaerTationi  oa  ncbnlae  bj  FrofcMora 
Pickering,  Seark  Upton  and  Wendell.  Table  III  giTca  the  general  character  of  apec- 
trum  of  aboat  100  nebniae,  as  determined  b;  a  direct  viaion  priam  naed  with- 
out a  ilit.  The  spectra  are  described  as  gaseona,  continuous,  j^aeons  with  a 
feint  continnons  bachgronnd,  or  cbieflr  eontinnons  with  a  faint   gaaeona  spec- 

Profcasor  Deilandres,  naing  tbe  great  telescope  of  the  Uendon  Obacrvatory 
with  spectroacope  specially  desisfned  for  the  meaanrement  of  motion  of  stars  in 
tlie  line  of  ugbt,  finds  the  Telocity  of  i  Orionia  Tariable  (Comptta  Sendm,  Feb. 
12).  Tbe  spectram  of  tbis  star  shows  little  more  than  the  lines  of  bjdrogra  and 
helinm,  which  are  broad  and  diffuse..  Tlie  lines,  further,  seem  to  be  variable  in 
width,  and  are  nnsymmetrical.  While  the  character  of  the  lines  preclndes  meas- 
ures of  grvat  accuracy,  Professor  Deslandres  regards  tbe  evidence  for  marked 
Tariation  in  velocity  as  adequate,  and  gives  1.92  days  as  a  period  oin^ng  with 
his  observations.  

Sr  Norman  Lockyer,  Proceedinj(a  of  tbe  Soyml  Society,  No.  422,  adduces 
strong  evidence  tor  the  presence  in  the  Orion  stars  afthe  element  nlicon,or,to  use 
his  term,  rilicium.  Several  coincidences  ere  found  of  lines  of  the  element  with  lines 
of  the  star  spectra.  The  lines  of  silicinm  may  be  divided  into  three  sets,  bebaving 
differently  as  the  electrical  conditions  are  varied,  and  of  these  sets  of  lines  one  pre- 
dominates in  0  Orioois,  another  in  y  Orionis.  and  the  third  in  C  Orionis.  Tbe  par* 
ticniarset  of  lines  predominant  in  each  star  is  that  which  is  required  by  the 
author's  previous  conclnsion  that  these  stars  are  at  different  temperatures,  p  On- 
onis the  coolest,  y  Orionis  in  termrdiate,  and  C  Orionis  the  hottest  of  the  three. 


PLANKT  NOTES  FOR  APRIL.. 

H.  C.  WILSON. 

Mercatj  is  now  morning  star,  and  will  be  visible  to  the  naked  eye  daring  the 
latter  bair  of  the  month.  Tbe  planet  will  be  at  greatest  elongation,  west  from 
the  .Sun  27°  19',  April  21.  Mercury  and  Mars  will  be  in  conjunction  April  3,  but 
both  will  then  be  hidoen  in  the  glare  of  the  Sun.  Doubtless  many  were  able  to 
identify  Mercury  during  the  first  two  weeks  of  March,  for  it  was  qaite  ponsplC' 
nous  about  a  half  hour  after  sunset. 

Veaua  and  the  crescent  moon  will  be  m  conjunction  on  the  evening  of  April  2. 
InSonth  America  an  occultation  of  Venus  by  the  Moon  will  be  visible  at  this  time. 
Vetins  has  been  steadily  moving  northward  an  well  as  eastward, so  that  her  posi- 
tion is  very  favorable  for  alternoon  and  evening  observation.  The  planet  will 
reach  greatest  elongation  east  irom  the  Sun,  45°  35',  April  28.  The  phase  of 
tbe  planet  is  slightly  gibb')us,  but  will  reach  the  qaarter  phase  at  the  end  of 
the  month.  Venus  is  at  present  approaching  tbe  Earth,  so  that  her  apparent 
brightness  rapidly  increases  in  spite  of  her  diminishing  phase. 

.  Alara  is  morning  star,  but  will  not  be  in  position  for  obterration  during  this 
month. 

Japiter  is  approaching  opposition,  but  is  seen  at  such  a  low  altitude  in  this 
country  that  observations  will  be  of  little  value.  Tbe  observers  in  Sontfa  America 
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«nd  Africa,  on  tbe  other  fa«iid,  will  aw  the  planet  to  the  best  adTantage.  Japiter 
aad  tbe  Moon  will  be  in  cODJaDction  April  18.  Japiter  riaea  at  abont  midnigbt 
at  tbe  beginniog  of  tbe  montb,  and  about  10  o'clock  p.  h.  at  tbe  end  of  April. 


TBB  CONETBLLATIONS  A 


,,  April  1, 1900. 


Satarn  rises  in  tbe  southeast  about  an  hour  and  forty  minutes  later  than  Ju- 
piter, and  may  be  seen  in  the  morning  hours  of  darkueas.  Its  position  iseijnally 
unfavorable  with  that  of  Jupiter  for  us.and  will  be  equally  favorable  (or  soatbem 
obserTera  during  tbe  summer  months.  Tbe  Moon  will  be  ia  conjaoctioa  with 
Satnra  on  the  morning  of  April  20,  at  9''  39"  Washiagton  mean  time,  and  in  the 
northwestern  part  ofthe  United  States  en  occaltatioo  maybe  witnewed. 

Vr»aa9  ia  near  Jnpiter  in  the  constellation  Scorpio. 
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Neptuae  is  at  a  good  altitade  ia  the  WMtero  akj  ia  the  carlj  ereaiag,  but  is, 
of  course,  aot  visible  to  tbe  naked  eje.  Neptune  will  be  in  conjanction  with  Vcnoa 
on  tbe  tnomiag  of  April  .10,  but  the  planets  will  be  too  far  apart  in  declination, 
Neptune  4°  39'  north  of  Venns,  for  the  one  to  be  made  use  of  in  identif;ing  the 
other. 


Th«  Moou. 


ICcotral  Standard  Time  at  Northflcid; 


April      6  First  Quarter 10  52  a.  M. 

14  Pull  Moon 7  01p.m. 

22  Last  Quarter 1  22  *.  u. 

28  New  Moon 4  28     " 


cal  Time  ISm  leli 

2  04  a.  M 

5  25    " 

11  2«    " 

7  04  P.  u 


OccnltatloitB  Visible  i 

it  Washington. 

IMMERSION 

BMBRSION 

KJ. 

Magnl-   WMhing. 

■m  S  pt. 

ZT^'r 

f.n"pt.   °^ll 

ISGcminoru 
eLeonis 
85  Virginis 
8  Aqnarii 

im    7.0          5    54 
5  3        17    OS 
6.5        16    40 
$.8        13    47 

182 
94 

181 
31 

6    10 
17    59 
16    57 
14    32 

202       0    16 
304        0    51 
208       0    IT 
297        0    43 

VARIABLE  STABS. 


,.  PARKHUR3T. 


Maxima  a; 

MAXIMA,  Ma? 

466 

t:  Pisciuni 

678 

UPersei 

782 

R  Arietis 

869 

R  Pomocis 

2258 

V  AuriRi 

2266 

V  Monocerotis 

2376 

S  Lyncis 

3493 

R  I^onis 

4377 

T  Virginia 

5511 

RS  Librs 

B593 

W  Libia 

5770 

R  Hercolis 

6931 

S  Opfaiuchi 

6100 

RV  Herculis 

...   Aquila; 

7252 

W  Capricorn i 

7435 

Y  Aquarii 

7455 

V  Capricorni 

7571 

V  Capricorn! 

7659 

T  Capricorni 

7733 

Y  Capricorni 

7909 

S  Piscis  Anst. 

81  S3 

R  Lftcertte 

8597 

VCeti 

id  Minima 


of  Lrong  Period  Variables. 

MINIMA,  May  1900. 


112 

R  AndromedcE 

<  12.8 

518 

R  Piscium 

<  13 

845 

R  Ceti 

13  5 

2539 

R  Cnnis  Minoris 

97 

4521 

R  VirKinia 

9.8 

4557 

SUrsteMajoris 

10.8 

5157 

S  Boo  I  is 

12.8 

5237 

R  Itootis 

11.8 

6449 

T  Draconis 

n.7 

6871 

VLvrie 

<  12 

8591 

V  Cephei 

69 

MAXIMA,  June 

1900. 

62 

S  Sculptoris 

""I 

1(17 

7.5 

267 

V  Andromeda 

87 

+01 

(I  Sculptoris 

8.7 

893 

U  Ceti 

7.1 

1116 

XCe.i 

9.3 

2080 

R  Colambw 

7.9 

2528 

R  Gemianrom 

7.2 

2684 

S  Canis  Minoris 

7,6 

2742 

S  Geminnruni 

8.S 

2976 

V  Canci 

73 
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MINIMA,  Jul 

le,  1900. 

MINIMA  Time,  1900. 

...  Hyd™ 

8.5 

1 

7577 

X  Capricorni 

10.0 

3 

3S25 

R  U™a  Majori 

«           7.1 

9 

7792 

SS  Cygni 

8.5 

11? 

4471 

T  Caonm  Ven. 

8.7 

13 

7896 

V  Pcga.i 

8.2 

23 

4596 

U  Virgini« 

7.9 

27 

8068 

S  Lacerta 

7.7 

21 

4896 

T  Ccntauri 

5.9 

7 

8369 

W  Pegaii 

8.1 

17 

5430 

T  Libra: 

9.7 

26 

9.4 

16 

5501 
5583 

S  Serpeotis 
X  LibrjE 

8.2 

9.7 

13 
28 

MINIMA.  June 

1900. 

5887 

V  Ophiuchi 

7.3 

3 

294 

11.4 

23 

6905 

S  Sagittarii 

7.5 

9 

1623 

TCanieli>pardali»<12 

18 

6943 

T  Sagittle 

8.5 

16 

549* 

S  Libra 

<  13 

26 

7120 

X  Cygni 

S.3 

13 

6955 

R  Draconis 

12.5 

29 

7260 

Z  Aqutlae 

8.9 

26 

6512 

T  Rerculia 

10.7 

18 

7404 

B  Microacopii 
Minima  i 

8.0 

5 

7560 

R  Vulpecula 
€  the  Alcol  Tj 

13 
fpe. 

15 

af  the  Variable  Stare  a 

(G 

iTcn  to  the  a> 

1900 

May. 

mwlch  Time.) 

U 

CEPHEI. 

U  CORONAE. 

Z   HERCULIS.            W 

. DELPHINL 

Y  CYGNI, 
Even  epochs. 


U  OPHIUCHI. 

Bverj  10th  mio. 

P  =  20.13" 


AVTHOSITIBS  FOB  TBB  BPHBUBRIS.—rbeae  are  the  same  as  in  the 
March  nnmber  except  that  the  times  for  Y  Cygni  and  Z  aercniis  aie  also  taken 
from  Dr.  Hartwifc'a  paper  in  the  VierteljAbnacbritt. 
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SBCBST  PUBLICATIONS  ON  VARIABLE  STABS.— h  nnmber  of  important 
articles  oa  this  subject  have  appeared  tiiice  the  last  month's  notes,  deserving 
more  extended  notice  than  can  be  given  here.  The  following  sketches  nill  give 
some  idea  of  their  contents. 

MIRA  AND  R  LACBBTAB.—la  number  3622  of  the  Nacbrichten  Profesaor 
Deichmiiller,  of  Boon,  gives  his  observations  of  Mtra,  coveting  the  three  maxima 
of  1887.  188H,  and  1889,  being  the  last  three  in  the  previous  visibility-period, 
those  of  the  fonr  or  five  years  following  1889  falling  too  near  the  Snn  to  admit 
of  good  determination.  In  connection  with  the  date  of  each  observation  the 
author  gives  the  comparison  stars  nsed,  the  brightness  of  the  variable  tn  steps, 
(the  scale  Died  agreeing  closely  with  that  of  Argelander)  and  the  conditions  of 
seeing  when  at  all  doubtlnl.    The  results  were  as  follows ; 

Dales  ol  ObMrviilons.  No.  '        Date  of  Max,  Sttpi. 

1887  Oct.    11  to  1888  Jan.  1  16  1887  Nov.      3.0  ,20 

1888  Aug.  10  to  1888  Dec.  8  40  1888  Sept.   19.6  32 

1889  Jal>     31  to  1899  Oct.  5  10  1889  Aug.    20  27 

Graphic  representations  of  the  light  carves  arc  given,  showing  at  a  glance 
the  different  types  of  maxima.  The  author  calls  attention  to  the  importance  of 
recogniiing  these  different  types,  and  of  publishing  the  observations  in  sufficient 
detail  to  show  them.  A  request  is  made  that  any  unpublished  observations  he 
either  published  or  communicated  to  him,  as  Mr.  Gnthnick,  of  Bonn,  baa  under- 
taken a  definitive  reduction  of  this  variable. 

The  same  author  gives  his  observations  of  B  Lacertae  in  detail,  covering  the 
time  from  1899  June  *  to  Oct.  10,  showing  a  principal  maximum  1899  July  16.0, 
at  8.70  magnitude.  The  light  cnrve  is  given,  showing  the  rise  from  12.0  magni- 
tude to  maximuio  and  the  decline  to  the  same  point.  A  chart  of  the  field  is 
given,  and  also  a  comparison  with  the  elements  derived  from  three  well  deter- 
mined maxims  in  1883,  1892  and  1899.  The  resulting  elements  of  maximum  Are: 
1899  July  15.8  +  299<'.90  E. 

The  corrections  to  these  elements  given  by  the  three  tnentioned  date  of  max- 
ima, are  only  —  0.2,  -4-  0.7,'and  —  0.2  days,  respectively. 

These  two  papers  are  excellent  examples  of  what  reports  of  variables 
should  be,  and  are  recommended  as  models  to  be  followed. 

OBSERVATIONS  OF  VARIABLES  BY  AROBLANDER,  SCHONPBLD  AND 
SCHMIDT.— Vrofeaaor  Pickering  has  done  a  valuable  service  to  astronomy  by 
printing,  in  Vol.  XXXIU  of  the  Harvard  Annals,  three  scries  of  observations  of 
variables  reduced  with  photometric  yaluea  of  the  magnitudes  of  the  comparison 
stars.  The  series  made  by  Argelander  includes  about  4000  hitherto  unpublished 
compansotts  made  between  1869  and  1871.  These  results  are  combined  with 
his  earlier  work,  done  1838  and  1867  and  published  in  volnme  VII  of  the  Bonn 
Beobachtunen.  During  this  interval  from  1838  to  1871,  16  Inng  period  vari-  . 
ables  were  (allowed,  making  perhaps  the  most  important  series  in  existence. 

Of  scarcely  less  importance  are  the  observations  made  by  Schtinfeld  between 
1853  and  1859.  relating  to  32  variables  of  long  period.  The  relative  brightness 
of  the  comparison  stars  used  was  determined  with  great  care  by  Schtiufeld,  and 
a  comparison  with  the  photometric  magnitade  gives  as  the  value  o<  one  step  or 
"grade,"  0.09  magnitade.  The  corresponding  value  in  Argelander's  work  was 
0.14  magnitude. 

The  work  of  Schmidt  at  Athens  was  done  between  1845  and  1879,  and  is  re- 
markable for  the  continnity  of  measores  which  the  climate  of  Athens  enabled 
him  to  secure.    Of  the  many  thousand  of  operations,  only  those  are  pnblisbed 
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whkb  relate  to  hia  long  period  Tariablea,  tltirtcen  in  nnmber.  It  ■taontd  be  a 
warning  to  modern  observere  tbat  of  eifcbty-two  compariaon  iitara  lor  tbeae 
variables,  Schmidt  oalj  left  data  for  identifying  tbirty-four,  and  many  of  tbeae 
are  noccrtatn.  Tbe  vaiae  of  a  "grade"  expresaed  in  pbotometric  magoitudea  is 
fbnnd  to  be  0.32.  More  than  7500  Dbserratiooa  of  the  tbirteen  variable*  by. 
thiaindnstriouB  observer  are  published. 

The  value  of  these  old  observationa  increaaee  with  age,  since  by  combining 
tbem  with  modern  compariaona  our  knowledge  of  the  vanationa  of  the  atara  be- 
comes more  complete  and  accnrate  from  year  to  year.  Their  redaction  with  pho- 
tometric valnes  of  the  comparison  stars  inanres  homogenit;  in  the  resnlta,  and 
the  convenient  form  in  which  Profesaor  Pickering  has  pnbliahed  tbem  add  greatly 
to  their  valne. 

ANOTHER  NEW  VARlABLB.~ln  No.  3618  of  the  Nacbncbtea,Rev.  Tbomaa 
D.  Anderson  annonncea  tbe  diacovery  of  a  variable,  not  in  the  DM,  in  the  place— 
R.  A.  IT'  56».6,  Dec.  -J-  54°  51'  ( 1855) 

Its  obaerved  magnitttdes  were — 


Mas-  issn 

a  9.6  17"  53" .9.        4-51°  51' 

b  9  8  IT  63   .9,  54  41 

c        10.6  17  54  .1,  S4  37 

d       10.3  17  55  .3,  64  41 

The  variable  ia  nearly  in  line  between  the  following  two  DM.  stars— 

-I-  54«'1925        7-0»     17*    54™  39.10*       +  54"    40'    49" 
-I- 55  2003        9.0        17      56    58  2,  55    .    2      39 

Tbe  magattadea  and  positions  of  the  two  DM  atars  are  taken  from  the  Geeell- 
Bcbaft  Catalogoes. 

On  the  evenings  of  March  2  and  6  a  10.5  magnitude  star  was  fonnd  near  the 
indicated  place  and  ita  poaition  foaod  from  the  two  Z)ftf  atara  proved  to  be 

R.  A.  17"    55-    35.7',        Dec.  +  54°    50'      8",  (1865) 
66      28.6,  49     52  ,(1900) 

There  ia  a  12th  magnitude  star  2*.5  following  and  1'  17"  south.  It  tbe  atara 
given  are  platted  it  will  be  eaay  to  recognize  the  field,  which  lies  2°  south  and  y^' 
following  tbe  4th  magnitude  star  {  Dracoois. 

THE  NEW  CBRASKI  ALGOl^TYPB  VARIABLB.~lo  justice  to  the  writer 
it  ahonid  be  stated  that  he  did  not  see  the  proof  of  the  chart  or  note  concemiog 
this  atar,  given  on  pages  158  and  159  of  the  March  number,  or  aome  of  the 
printed  errors  would  have  been  corrected. 


COMET  AND  ASTEROID  NOTES. 

Photographic  Search  for  Comet  1892,  ( Barnard ).— During  tbe 
summer  and  autumn  of  1899,  from  July  10  to  October  14,  Dr.  Schwassmann,  at 
Heidelberg,  Germany,  executed  a  quite  extensive  photographic  search  for  this 
comet,  which  though  very  faint  vianally  was  discovered  by  Barnard  in  1892 
npon  a  photograph  of  the  Milky  Way.    Dr.  Schwassmann  took  25  photographs 
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on  19  nigbtB,  witb  averftge  exposures  of  about  two  boura,  Mlecting  the  field  of 
the  photograph  by  mesot  of  so  ephemeriB  computed  by  M.  Coniel.  published  in 
the  Balletin  Aatronontique.  The  plates  each  covered  an  area  of  about  100  square 
degrees.  No  trace  of  tlie  comet  was  found,  while  atars  of  the  13tb  majcnitude 
and  fainter  were  photagraphed.  Dr.  Wolf  in  speaking  of  this  remerks  the  few 
comets  which  are  found,  cODsidering  the  large  namber  of  wide  field  photographs 
which  are  now  being  taken  for  the  pnrpoae  of  following  the  asteroids  and  of  ob- 
taining  pictures  of  the  Milky  Way.  It  must  beinfecred  from  this  that  the  number 
of  telescopic  comets  is  much  smaller  than  it  is  usually  assumed  to  be. 

Elemeuta  and  Ephemerla  of  Giacobioi'a  Comet  (1900  «).— The  fol- 
lowing system  of  elements  is  based  on  the  abservation  made  at  Nice  by  Javelleon 
February  3  and  my  own  observations  of  February  16  and  21. 

T       1900  April  29.0781  Greenwich  Mean  Time. 
a>       24"        36'        56".6  ) 
U       40         2*         38.8     V  1900.0 
/       146         25         22.2     ) 
log  q        0.123476 

R<>siduals,  0~C. 


Constants  for  t 
X  =  r[9.970123]  li 
y  =  rr9.999348l  si 
s  =  r[9.559528]  si 
Hphemeris  I 
True  a 


TOH  op  1900. 

r9°    15'    59".5) 

18        3     3fi.9   ) 

>9      57     41.8   ) 

R  Greenwich  Mean  Midnight. 


Feb.     26.5 
March  25 

6.5 


18.S 

£1 


SB 

14 

SI 

^7 

52 

57 

4S 

iq 

46 

42 

40 

^t, 

IS 

3" 

S*- 

n 

SI 

0.364 

0.369 

'4 

27.0 
27.0 

0.370 

'7 

17.8 
29.  s 

0.366 

0-356 

i<) 

38-4 

45-7 

0.342 

25' 5 

13  16 

lulv 

29.5 
'-5 

Zj    40  4' 

Aug. 

'5 

"9  33  =8 

15  45.6 

27     10.6 


1-3 


O.I99 

0.131 

0.077 


t.Si 


+  4 

The  unit  of  brightness  is  that  on  February  3. 

The  comet  is  between  10th  and  11th  magnitude  and  has  a  faint  nndeui. 
Mount  Hauilton,  California.  c.  d.  fbkkimb. 

1900  March  2. 
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New  Asteroid  1800  PA^This  wai  diKovered  by  Charlois  at  Nice,  Feb. 
22,  9»  30- .0.  Nice,  M.  T.,  B.  A,  9"  30"  44' ;  Dec.  +  22=  32'.  It*  daily  motion 
was  west  IT'  and  north  1',  and  its  brightncM  12. 2". 

BPHBuBRig  OF  Asteroid  1899,  ev. 


R. 

A. 

Decl.      Lor  r. 

2 

s'oa- 

09' 

+  24° 

10.1     0 

4565 

1 

49 

*4 

18.9 

6 

32 

34 

27.5     0 

4568 

E 

i? 

35-9 

M 

05 

24 

44.1     0 

4571 

i6 

55 

24 

52.1 

•4 

19 

47 

14 

59-8     0 

4S7S 

l6 

41 

*S 

07.4 

i8 

S 

37 

25 

14.7     0 

457E 

35 

*s 

21-7 

3' 

35 

25 

28.5 

458^ 

34 

37 

25 

35-0 

26 

37 

4" 

^5 

41.3     0 

4585 

38 

40 

47 

»S 

47-3 

i° 

43 

54 

25 

53'     0 

4589 

47 

03 

25 

58.6 

50 

13 

26 

03.8 

4592 

6 

S3 

24 

26 

08.S 

8 

5  56 

37 

+  16 

"3-5     0 

4596 

0,5514 


Eleiaents  and  Bpbemerle  of  Aeterold  (4'34)  HnngRt la.— In  As- 

trottomisebt  Naebricbten  No.  3624,  Dr.  A.  Berberich  givea  elements  of  this  planet- 
oid depending  npon  29  obserTatioos  in  1898.  The  elements  represent  the  obser- 
IS  very  closely. 

ELEMENTS. 


Epoch  March  5.0, 1900,  Berlin  Mean  Time. 
Ar=244"    34'    15".3- 
•  =122 


=  174      39      17. 
f  =    22      30     33. 


;".31 

'I    ilBOO.O 


•p  =  4-''    15'    30".f 
fi  =1308",6777 
log  n  =:  0.2887836 


Berlin  Midnight. 


1973  0.0148 

2966  0.0337 

.1958  0.0436 

.2950  0.0542 

2943  0.0654 

.2935  0.0771 
Tbe  asteroid  will  be  of  abont  the  twelfth  magnitude  daring  this  month. 


, 

u  18.3 

II  52.4 

12   24.7 

'2  553 

13  24.0 

13  50.8 

14  38.8 

15  00.0 

•5  '9-5 

0 

15  37-2 

IS  53' 
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GENERAL  NOTES. 

We  are  a);ain  about  on  time  in  mailing  this  month's  number,  and  we  expect 
hereafter  to  publish  early  enongfa,  bo  that  all  borne  eubscribers  nill  receive  Pop- 
ular AsTFOHOMY  before  the  first  day  ol'  the  month  for  which  it  ii  published. 
Porel^n  subscriberB  should  be  reached  during  the  first  week-of  the  seme  month. 

The  Orlfflti  of  the  Lunar  Stirface  Formation*.— We  have  given  con- 
siderable space  this  month  and  last  to  Professor  William  H.  Pickering's  stadies 
of  the  origin  of  the  lunar  surface  formations  recently  published  in  the  Annals  of 
Harvard  College  Observatory.     His  resulti  are  very  suggestive  and  instructive. 

Variation  of  Lalitndo  at  New  York.— Professor  J.  K.  Rce's  valuable 
paper  on  the  variation  of  latitude  at  New  York  is  so  well  and  plainly  written, 
that  those  who  have  no  exDerience  in  this  kind  of  delicate  astronomical  work 
will  readily  see  from  it  how  the  wonderful  (acts  it  discloses  have  been  learned. 


Professor  C  PiazzI  Smyth.— The  well  known  Professor  C.  Pia*zi 
Smyth,  for  forty  years  Astronomer  Royal  of  Scotland  and  professor  of  astrono- 
my in  Edinburgh,  died  on  February  21 .  at  the  age  of  B  i  years.  When  our  publi- 
cation of  the  Sidereal  Messenf;cr  1>egan  in  1SS2.  Professor  Smyth  was  the  first 
from  Europe  to  extend  congratulations.  His  genial  letter  is  well  remembered  to 
this  dny,  after  nearly  two  decades  of  years. 


PhotO£rapblc  Search  for  Intra-Mercurial  Planets.— Being  person- 
ally interested  in  the  settlement  of  the  intra -Mercurial  planet  question,  the  an- 
nouncement that  Professor  W.  H.  Pickering  is  going  to  visit  the  path  of  totality 
of  the  eclipse  of  May  28,  with  a  peculiar  and  ingenious  photographic  device  for 
the  purpose  of  searching  for  them  photographically,  pleases  me  greatly.  My 
faith  that  the  two  objects  seen  by  me  at  the  Denver  eclipse  in  1878  were  intra- 
Mercurial  planets,  lias  never  been  weakened  by  the  failure  of  others  to  find  them 
at  SDbse<iuent  eclipses,  for,  having  no  faith  in  their  existence, no  one  with  a  proper 
eye-piece  has  made  the  attempt. 

At  the  time.  I  hastily  estimated  that  their  direction  from  the  sun  was  s.  w. 
Since  then  I  have  visited  the  jirecise  spot  where  my  telescope  was  planted,  to  get, 
with  perhaps  greater  accuracy,  the  dtrectionsof  the  four  cardinal  points.  My 
conclusion  was  that  •.  of  w.  was  a  better  estimate  than  s.  w.  I  hope  Bailey's 
beads  will  be  observed  with  care,  for  tbeir  cause  is  a  mystery.  At  Denver  they 
extended  half  around  the  moon,  at  each  end  appearing  like  minute  angular  dots, 
increasing  in  size  to  the  middle,  but  all  of  the  same  shape,  and  had  one-half  of 
them  been  bent  over  and  superimposed  on  the  other,  they  would  have  agreed  in 
number,  size  and  shape.  At  another  total  eclipse,  in  Northern  California,  they 
bore  not  the  least  resemblance  to  any  previously  seen,  appearing  like  the  letter  a> 
of  the  Morse  telegraphic  alphabet,  a  dot  and  a  daah,  thus,  .—  . —  .—  extending 
half  around  the  moon's  circumference.  I  admit  that  at  the  Denver  eclipse  tfaey  ap. 
pea  red  like  notches  in  the  Moon's  limb,  but  she  has  no  such  sinuosities  of  eleva- 
tions and  depressions  as  to  present  tbe  appearance  observed. 

Lowe  Observatory,  Echo  Mountain,  Cal.  L&wts  swift. 
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The  Variable  Star  o  Cetl  (Mlra)  1898^DuriiiK  the  past  maximum  of 
oCett  only  about  thirty  obaerfationB  wereaccured,  owiaj;  to  a  greater  frequencjr 
of  clondj  nights,  and  interruption  by  sickTieBs  and  death  in  the  family. 

The  obaerTBtioDB  indicate  that  the  maximum  occarred  between  September 
ISthand  25th,  1899,  when  the  variable  was  only  about  the  4th  magnitude. 

Compared  with  the  brilliant  maximum  of  1898,  the  contrast  was  quite  no- 
ticeable in  the  recent  apparition  of  this  "  wonderful "  variable. 


Date.     >8«. 

Ceninl  Time 

M.e. 

August     28th 

2:15  a.m. 

« 

September  1  at 

2:00  A.  H. 

43 

4th 

12:10  a.m. 

4.3 

6Lh 

1:00    '■ 

+.2 

10th 

2:30    " 

41 

11th 

2:30    " 

4.1 

12th 

3:00    ■' 

4.1 

l+th 

2:00    '■ 

4.1 

IStb 

3:45    ■' 

4.0 

21st 

3:00    ■' 

25th 

12:05    " 

4,0 

27th!  1:00  A 
28th, 10:00  p 
29tbj  10:00 

October      2d  !   3:0(P  a 


I  First  observation  of  Mira  for  the  present  appa- 
'  rition.  Moon  in  last  quarter.  Variable  is  not 
I     as  bright  as  Delta  Ceti. 

No  decided  change. 
I  No  chauge. 

.  Cannot  detect  much  change  yet. 
1  A  trifle  brighter. 
i  About  same  as  9  Ceti  now. 

About  same  as  S  Ceti,  possibly  trac& brighter. 
I  No  apparent  change.  « 

1  No  change. 

I  Nearly  full  bright  Moon.  Mira  appears  about 
I     same  as  (f  Piscium,  certainly   brighter  than  S 

\  Brilliant  moonlight,  too  near  for  careful  compar- 
ison, hut  Mira  appears  much  brighter  tban  on 
j  IStb  but  this  is  probably  owing  to  a.  tendency 
'  til  estimate  this  variable  much  brighter  in 
I  fctrong  moonlight. 
>  About  same  as  a  Piscium. 
I  Same  as  morning  observation. 

Trace  fainter  than  5  Ceti  this  morning. 

Slightly  faiuter  than  S. 

Not  as  brigljt  as  6  Ceti,  slightly  brighter  than 
;     S'  Ceti, 

Same  as  ^^  Ceti  now. 


5th|lO:ao    •' 

4,3 

Seems  brighter  than  i?  Ceti  tonight. 

llth'lO:00    " 

46 

Brighter  than  Nu  Ceti,  not  as  bright  as  £<  Ceti. 

13tli 

10:00    " 

4,6 

Moon  in  tirst  quarter.    No  change. 

16lh 

11:00    '■ 

4.5 

Moon  nearly  lull,  and  variable  appears  brighter, 
would  estimate  it  as  but  a  trace  faioter  than 

S' Ceti  tonight. 

29th 

9:30    " 

5  4 

Good  observation.    Not  as  bright  as  V  Ceti. 

30th 

10:45    •' 

S4 

November  Ist 

10:00    " 

5.4 

No  apparent  change. 

2d 

10:00    " 

5,4 

Slightly  inferior  to  V  Ceti. 

4th 

10:30    '■ 

5  + 

No  change. 

5th 

10:00    " 

5,4 

Good  observation,  no  change. 

19th 

7:30    " 

fiR 

About  saiHe  as  71  Ceti  now. 

1900 

Jannary  21st 

6:30    " 

8,6 

Good  observation, Mira  is  now  abont  same  mag- 
nitude as  star  of  8.5  mag.  in  same  field  of 
view  with  4  inch  telescope  and  V  eye-piece, 
according  to  Durcbmusterung  chart. 

Compariaon  stars  used, — S  Ceti  = 
71  Ceti  = 
AI.TA,  Iowa,  March  15th,  1900. 


n  =  4.0 
Nn  Ceti  =  4.9        V  Ceti  =  5.06 

DAVID  B.  HADDBN. 
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Report  at  th«  Board  of  Vlaltara.— We  have  received  an  anonjinous 
communication  with  the  above  title,  which  is  a  malignaDt  attack  on  the  report 
of  the  Board  of  Visitors,  who  were  appointed  to  consider  the  present  organiza- 
tion and  manaf(ement  oi  the  United  States  Naval  Observatory,  a  few  months  ago. 
The  report  was  prepared  alter  much  deliberation  by  the  Board  of  Viritors— 
Messrs.  Comstock,E.  C.  Picketing  and  Hale, and  seemed  to  be  a  fair  and  reasona- 
ble document,  meeting  the  wants  of  the  sitpation  as  well  as  could  be  expected 
tinder  tlie  citcumstances.  It  was  not,  in  all  respects,  what  we  bad  hoped  it  would 
be,  jet.  probably  the  plan  proposed  is  a  better  one  for  the  present  time. 

We  do  not  believe  there  is  any  real  ground  for  the  shameful  attack  which  has 
been  made  npon  the  report,  and  the  visitors  personally,  by  some  one  who,  pre- 
sumablv,  knows  the  situation  well,  and  baa  taken  this  way  to  neutralize  the 
manifest  inflneace  of  this  movement,  which  will  certainly  succeed  in  due  time. 

The  author  of  this  attack  has  ioduatrioualy  circulated  it  at  home  and  abroad, 
and  this  is  the  reason  we  give  it  any  atteotion.  We  know  all  the  visitors  person* 
ally,  aud  we  believe  them  to  be  gentlemen  wholly  above  insinuations  of  this  kind. 
As  for  the  anonymous  writer  of  those  charges,  it  is  best  for  him  that  he  keep  in 
the  dark. 


The  Errors  of  Star  PhotographB.— Three  significant  papers  by  B.  H. 
Turner,  Savilian  Prolesaor  at  Oxford,  England,  published  some  time  ago  in  the 
Monthly  Notices  of  the  Royal  Astronomical  Society,  have  just  come  to  hand  as 
reprints  ol  those  articles.  The  foil  title  of  the  first  and  second  papers  is  "On  the 
Errors  of  Star  Photographs  Due  to  Optical  Distortion  of  the  Object  Glass  with 
Which  the  Photograph  is  Taken."  Of  the  third,  "On  the  Curvature  of  Star  Trails 
on  the  Photographic  Plates  as  a  Means  of  Investigating  Optical  Distortion." 

It  will  be  remembered  that  in  1887  an  Inlernational  Conference  assembled  at 
Paris  to  convider  the  construction  of  a  chart  of  the  heavens  by  photography,  Al> 
most  the  fimt  question  asked  was,  "With  what  kind  of  an  instrument  should  the 
work  be  done7''  The  reflector,  the  refractor  with  acromatic  object  glass  and  the 
photographic  doublet  were  fully  considered,  and  the  simple  photographic  refrac- 
tor was  finally  chosen.  No  astronomer  in  1887  knew  much  about  astronomical 
photography,  and  the  best  in  tbe  conference  were  timid  in  the  choice  ol  the  kind 
ot  telescope  to  be  recommended,  or  tbe  methods  of  work  by  which  this  large  task 
should  be  prosecuted.  The  fears  about  optical  distortion  were  general,  and  early 
opportunities  have  been  sought  to  test  the  real  value  of  photographic  work  in 
this  and  other  essential  particulars.  These  papers  bring  out  quite  satisfactory 
results  in  an  exhaustive  examination  of  theOxlord  plates  and  those  by  Professor 
E,  C.  Pickering,  of  Harvard  College  Observatory,  taken  with  Bruce  photographic 
doublet  atArequipa. 

The  gratifying  results  of  these  papers  are,  that  the  early  fears  about  distor- 
tion, which  caused  much  discussion  in  the  outset,  are  found  to  be  largely  gronod- 
less,  and  the  advantages  of  getting  a  large  field  are  now  claimed  to  be  "too  ob- 
vious to  need  explanation."  This  is  almost  unexpected  evidence  of  the  high 
precision  of  the  modern  photographic  telescope,  as  well  as  increased  confidence  in 
photographic  methods  in  stellar  astronomy. 

Total  Eclipae  of  the  Sno  May  28, 1900.— A  useful  pamphlet  of  32 
pages  published  under  the  direction  of  the  Superintendent  of  the  U.  S.  Naval  Ob- 
servatory, Capt.  C.  H.  Davis,  has  just  been  received.    It  contains  suggeations 
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and  data  to  asaUt  in  the  obMrTation  of  the  total  solar  eclipse  of  Mey  38, 1900. 
It  was  prepared  b;  ProfeMor  H.  D.  Todd,  Director  of  the  Nautical  Almaaac,  and 
S.J.  Brown  Aitrnoomical  Director  of  the  Naval  Obserratory. 
The  pampfalet  treats  quite  folly  ot 

1.  Sketches  ol  the  corona  with  the  aaked  eye. 

2.  The  Moon's  shadow  bands. 

3.  Photogirraphs  of  the  corona,  and 

4.  Telescopic  oscrvations. 

The  last  part  contains  the  ordinary  astronomical  data  with  a  series  of  very 
good  charts  as  follows; 

1.  A  plate  of  the  geographical  limits  and  path  of  totality  as  taken  from  the 
Nanticel  Almdnac. 

2.  A  large  chart  of  the  stars  and  planets  in  the  neighborhood  of  the  Sun 
dnring  the  time  of  totality  as  given  in  reduced  scale  below; 


3.  A  large  chart  showing  the  path  of  totality  across  Meiico  and  Teiaa 
with  the  hours  of  progress  printed  in  red. 

4.  A  large  chart  showing  the  path  of  totality  across  the  United  States, 
through  LoDi^iana,  Mississippi,  Alabama,  Georgia,  the  Carolinas  and  Virginia. 

It  is  reported  that  extensive  preparations  are  being  made  at  the  United 
States  Naval  Observatory  for  photographing  and  observing  the  total  eclipse  of 
the  Sun.  Astronomical  Director  D.  J.  Brown  said  recently:  "If  the  weather  is 
favorable  we  expect  to  aecnre  some  tine  observatioua  of  the  phenomena." 

Two  government  stations  will  observe  the  eclipse,  one  in  South  Carolina  and 
or.e  in  Georgia.  There  may  be  a  branch  station  as  far  south  as  Union  Springs, 
it)  Alabama,  a  place  directly  under  the  line  of  totality. 

Professor  Brown  said  that  the  Observatory  is  asked  many  questions  in  re- 
gard to  the  eclipse,  indicating  the  wide-spread  interest  manifrsted  in  acitntitic 
circles  in  the  approaching  event. 

.  A  party  of  Eastern  scientists  will  come  to  Washington  some  days  prior  to 
the  28th  of  May  and  will  accompany  the  Observatory  corps  South,  some  going 
to  Georgia  and  others  remaining  in  South  Carolina. 
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Brief  Review  itt  Solar  Obaervatiotis   September  to   Deoember 

1889.— (Cootioaatioo  from  October  1899.  P.  A.)  Sbptbmbbk.  The  marked 
decrease  in  tbe  number  and  tize  of  Sun  spoU,  and  the  freqaencj  of  dajfl  without 
■pots  noted  in  August,  contianed  during  the  first  three  weeks  of  September,  with 
the  exception  of  occasional  sporadic  pores  on  five  or  six  days.  From  the  24th 
to  the  close  of  the  month,  several  small  but  active  groups  were  on  the  disc,  one 
of  which  suddenly  appeared,  and  another  rapidly  increased  between  the  26th 
and  26th,  this  outbreak  was  coincident  with  a  brief  displaj  of  Aurora  on  the 
erenioft  of  the  2Sth. 

OcTOBBB.— There  were  eighteen  spotless  days  during  the  month  of  October, 
No  spots  were  visible  during  the  first  three  weeks,  except  a  few  dots,  bnt  on  the 
23rd  a  fairij  large  and  interesting  group  appeared  at  the  Bast  limb.  With  the 
Spectroscope  the  region  between  the  large  spots  of  the  group  was  much  disturbed, 
the  Ha  line  being  reversed  at  many  points.  Unfortunately  cloudy  weather  pre- 
vented further  observatioas  until  tbe  2dth,  when  tbe  group  was  a  small  train 
and  fast  diminishing,  being  reduced  to  a  mere  dot  as  it  approached  the  West 

November— Sun  spots  were  small,  few  and  unintereattog  during  the  month 
of  November.    There  were  only  eight  spotless  days,  all  of  nbich  were  in  the  first 

Dbcbmbek.— Owing  to  sickness  and  death  in  the  family,  and  more  or  lets 
cloudiness,  observations  were  seriously  interrupted  this  month.  Between  the 
12tb  and  20th  a  couple  of  small  groups  were  present,  but  they  faded  out  before 
reaching  the  West  linih.and  the  disc  was  nearly  free  Irom  spots  during  tbe  remain- 
der of  the  month. 

The  following  table  exhibit*  the  numerical  results  of  the  observations  for  the 
above  four  months : 

AvtriEc  Number 

Nuibtwrof  GrDUi>£  Gitiiipi 

Mnntht.  ObiervlnE  Av«ne«  Nunlxt  of  North  Soulh 

1899.  Dayi.       Gmups.       Spoil.  Ficuls.  LillIuJc.  Laiiludt. 

September  27  0.8  3.4  1.4  o.i  0.7 

October  32  0.5  4.3  1.4  O.I  0.4 

November  18  0.9  3.3  o.g  0.3  0.6 

December  9  i.o  3.8  1.3  0.4  0.6 

Compared  with  the  year  I89S,  there  has  been  a  decided  diminution  in  the 
average  number  of  groups, spots  and  facniae  daring  tbe  past  year,  while  the  total 
number  of  spotless  days  has  increased  from  30  in  1898  to  108  in  the  year  1899. 

In  the  table  below  is  given  the  annual  average  results  for  the  years  1891  to 
1899,  inclusive  : 

N  umber  olDiiys  Averigt  Annual   Number  o(  Tunl  Number  o( 

Yencs.         ul  Observallon.        Grouri-  SpoU.  Ficulc        Spulless  Diys. 


Alta,  Iowa,  March  20th,  1900. 
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QaeriMt  and  Short  Anawer*.— 5.  If  a  man  telebratce  his  tnentietb 
Urthdaj  when  he  is  nineteen  jeara  old  to  the  minate,  why  fhoiild  he  not  cele- 
brate the  twentieth  centnr;  the  moment  we  are  1900  years  from  the  ^iven  etart> 
ins  point?  H.  u.  8. 

Aaawer.  He  certainly  sboald  celebrate  the  beginning  of  the  twentieth  cen- 
tury when  "we  are  1900  years  from  the  given  starting  point."  The  trouble 
aeema  to  be  to  fcet  the  starting  point  right.  The  first  year  of  the  first  century 
did  not  end  until  that  year  was  completed;  the  last  year  of  that  centnry  was 
not  completed  until  the  end  of  the  100th  year.  So,  also,  the  end  of  the  1900th 
year  will  be  the  end  of  the  19th  century.  If  onr  querist  will  read  the  article  on 
page  140,  March  number,  he  will  see  how  to  begin  the  reckoning. 

6.  What  name  i»  given  by  BstronomrrB  to  the  spectrum  of  the  layer  of  gaatt 
immediately  above  the  photosphere  of  the  Suu7  s.  g. 

Answer.  It  is  sometimes  called  the  "flash"  spectrum,  because  of  the  sudden 
change  of  the  ordinary  solar  spectrum  to  one  of  bright  lines.  The  discovery  of 
this  important  fact  was  made  by  Professor  C.  A.  Yonng  of  the  Princeton  Uni- 
versity in  1870  while  observing  the  Spanish  eclipse  of  the  Sun.  He  says,  (article 
319  of  bis  General  Astronomy)  "The  lines  of  the  solar  spectram,  which  up  to  the 
final  obscuration  of  the  Sun  had  remained  dark  as  usual,  with  the  exception  of  a 
few  belonging  to  the  spectrum  of  the  chromosphere,  were  suddenly  "reversed," 
and  the  whole  length  ol  the  spectrum  was  filled  with  brilliant- colored  lines 
which  flashed  out  quickly  and  then  gradually  faded  away  in  about  two  seconds 
—a  most  beautiful  thing  to  sec.  The  name,  6asb,  probably  came  from  the  sud- 
denness of  the  reversal  of  the  lines,  and  the  use  ot  tbe  word  by  Professor  Young 
n  the  description  ofthis  singularly  beautiful  sight. 

7.  Who  is  the  publisher  of  Wm.  Peck's  Constellations? 

Answer.  About  information  of  the  book,  Wm.  Peck's  Constellations,  I  can 
say  that  I  bought,  a  few  years  ago,  of  G.  P.  Putnam's  Sons,  27  and  39  West  23 
St.,  N.  Y.,  a  copy  of  the  Popular  Handbook  and  Atlas  of  Astronomy  by  William 
Peck,  Astronomer,  Edinburgh.  In  the  preface  to  this  book  Mr.  Peck  says:  "In 
a  condensed  form  there  is  presented  the  author's  investigation  as  to  the  origin  of 
the  constellations,  which  at  some  future  time  be  hopes  to  elaborate  in  a  special 

The  inquiry  is  probably  for  William  Peck's  Constellations,  a  book  which 
Silver,  Burdett  &  Co.,  of  Boston  handle.    This  is  a  thin  book. 

In  Mayer  and  Miller's  Catalogue  No.  169,  No.  1359  is  Peck,  W.  The  ob- 
servers Atlas  of  the  Heavens  containing  catalogues  of  the  accurate  positions, 
magnitudes,  etc.,  of  over  1400  double  stars,  star  clusters  or  nebulae,  etc.,  Lon- 
don, 1898.  Mks21.  This  is  evidently  Peck's  larger  work.  a.  \.  h. 
«  We  do  not  publish  any  book. called  "Constellations'' by  William  Peck.  We 
have,  by  him,  A  Popular  Handbook  and  Atlas  of  Astronomy,  designed  as  a 
complete  guide  to  a  knowledge  of  the  heavenly  bodies,  and  as  an  aid  to  those 
possessing  telescopes,  containing  44  large  plates,  and  numerous  illustrations, 
diagrams,  etc.,  price  $5.50,  net.    This  we  can  supply,  if  desired. 

G.  P.  Putnam's  sons. 
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Metnorla  Sobre  el  Bolipae  Tobtl  dc  Sol.— The  Aitronoiuical  Observa- 
torr  of  Madrid,  Spain,  hai  iNoed  a  pafopbtet  of  107  pagea,  for  benefit  of  tho*c 
who  are  to  obaerre  the  total  eclipK  of  Ma;  28.  It  is  provided  with  beanttfDtlj 
colored  charta  and  aagKeatioaa,  directians  and  nsefnl  data  for  tbe  contemplated 
obiervations.    Tbe  pampblet  ia  a  creditable  [nece  of  work. 


On  a  CImsB  of  Partlctilar  Solntloun  of  the  Problem  of  Pour 
Bodies,  IB  tbe  title  of  an  interesting  matbematical  paper  recentl  j  published  by 
F.  R.  Monlton,  of  tbe  Univerrit;  of  Chicago.  It  is  enconragiof;  to  »ee  the  jovag 
men  preasiog  tbe  metbematici  into  service  in  tbe  needed  astrooomicai  investiga- 
tions when  astrophysics  can  do  very  little. 


PUBLISHER'S  NOTICES. 


Coatribntora  are  asked  to  prepare  copy  carefully,  aod  write  all  proper 
aawti  very  plainly.  If  other  language  than  the  English  ia  nied  to  any  consider- 
able extent  it  should  be  type-written.  Manuscript  to  be  retamed  should  be 
accompanied  by  postage  for  that  purpose. 

All  Dravsingw  for  publication  should  be  done  in  India  ink,  twice  the  site 
that  the  cut  will  be  on  tbe  printed  page.  The  lines,  figures  and  letters  should  be 
made  even,  very  smooth  and  uniformly  black  in  every  part  of  tbe  copy,  in  order 
to  secure  the  best  reproductions  powible  by  tbe  modem  quick  proceaaea  of  en< 
graving  oow  most  generally  used. 

Proof*  will  generally  be  sent  to  authors  living  in  the  United  States,  if  copy 
is  furnished  before  the  tenth  of  the  month  preceding  that  of  publication.  We 
greatly  prefer  that  authors  should  read  their  own  proofs,  and  we  will  faithfully 
see  that  all  correcrions  are  niailc  in  the  final  proofs. 

Rene  vsalB.— Notices  of  expiration  of  subscription  will  hereafter  be  sent  with 
the  lust  number  of  this  publication  for  which  payment  has  been  made.  It  is 
especially  reqnestcd  that  suliscriberH  fill  out  the  blank  notice  sent  them  and 
promptly  return  it  to  tbe  publisher,  as  this  publication  will  not  he  continued  be- 
yond the  time  for  which  it  has  been  ordered. 

'    Measrs.  Wm.  Wesley  &  Son,  28  Essex  Street.  Strand,  London,  England, 
are  our  sole  European  agents. 

Reprints  of  articles  for  authors,  when  desired,  will  be  furnished  in  titled 
paper  covers  at  small  cnst.  Persons  wnntiiig  reprints  should  always  notify  tbe 
publisher  when  the  copy  is  sent  or  the  proof  returned.  For  they  can  not  be 
furnished  later  without  incurring  much  greater  expense. 

Subscription  Price  to  Popular  Astronomy  in  the  United  States,  Can- 
ada and  Mexico  is  $2  50  per  volume  of  10  consecutive  numbers.     Price  per  vol-  • 
nme  of  10  numbers  to  foreign  subecribers  $3.00. 

All  correspondence  and  all  remittances  should  be  sent  to 

WM.W.  P*VNK, 

Northfield,  Minn-,  U.S.  A. 
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The  Mbropb  Nbbola  in  thb  Plbiadbs. 
CroMley  ReBcctor,  Lick  Ohttmtory. 
(Bxpocnre  4  honrs.) 
Porouk  AsxROiroKv,  No.  75. 
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THE  TOTAL  BCLIPSE  OP  MAY  28,  1900. 

WILLIAM  H.  PICKBRINO, 
POS  POPOLAK  AaTKONom. 

It  does  not  appear  to  the  writer  that  direct  photographs  of  the 
solar  corona  have  very  much  scientific  importance.  He  is  inclined 
to  believe  that  their  chief  value  is  an  aesthetic  one.  If  well  taken, 
they  form  attractive  souvenirs  of  what  is  undoubtedly  one  of  the 
grandest  celestial  phenomenon  on  which  the  eye  of  man  has  ever 
rested.  It  is  this  aesthetic  enjoyment  attained,  which  it  seems  to 
him  will  constitute  the  chief  gain  at  the  majority  of  the  expedi- 
tions which  will  view  the  eclipse  this  next  May. 

If  photographs  are  of  little  value,  it  may  safely  be  said  that 
drawings  are  worse  than  useless,  since  it  is  quite  impossible  dur- 
ing the  brief  time  available  during  totality  to  represent,  with  the 
least  pretentions  at  accuracy,  even  a  very  restricted  area  of  the 
corona.  Meanwhile,  the  time  spent  in  looking  at  the  paper 
might  much  more  profitably  be  expended  in  watching  the  eclipse 
itself.  It  is  therefore  recommended  to  those  who  visit  the  eclipse 
region  at  their  own  expense,  to  spend  but  little  time  in  attempts 
at  scientific  work.  Probably  the  most  valuable  thing  that  can 
be  done  by  the  average  person,  especially  if  off  the  central  line,  is 
to  note  the  duration  of  totality.  This  may  best  be  done  with  a 
stop  watch, but  any  watch  furnished  with  a  second  hand  may  be 
used,  and  an  effort  should  be  made  to  determine  the  time  correct- 
ly, within  half  a  second.  An  accurate  description  of  the  location 
of  the  station  should  be  prepared  as  described  in  the  recent  publi- 
cation of  the  Naval  Observatory,  and  sent  to  the  proper  authori- 
ties. 

For  those  who  are  so  fortunate  as  to  be  within  the  darkened 
region,  one  of  the  grandest  features  to  be  seen  will  be  the  on>rush 
of  the  Moon's  shadow.  It  approaches  with  approximately  the 
speed  of  a  cannon  ball,  and  is  a  very  striking  phenomenon.  Since, 
however,  it  comes  from  the  west,  while  the  Sun  is  in  the  east,  one 
cannot  watch  both  at  the  same  time,  and  it  is  recommended  to 
those  who  are  seeing  a  total  eclipse  for  the  first  time  to  be  satis- 
fied with  watching  the  shadon^  depart  at  the  end  of  totality,  and 
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not  miss  the  flash  of  the  corona  at  the  instant  totality  comes  on. 

Each  observer  should  have  some  aid  to  the  eye-sight, if  it  is  only 
an  opera  glass.  Great  care  should  be  taken  not  to  dazzle  the 
eyes  by  watching  the  Sun  too  long  during  the  partial  phase,  not 
only  on  account  of  the  danger  of  straining  the  eye-sight,  but  also 
because  if  the  eyes  are  dazzled  the  corona  will  be  less  well  seen. 
A  combiaation  of  red  and  green  glasses,  or  red,  green  and  blue, 
makes  a  satisfactory  shade  for  the  eyes,  and  it  can  hardly  be  too 
dark.    During  totality  no  shade  will  be  needed. 

If  a  sheet  be  spread  on  the  ground  one  may  watch  the  shadow 
bands  which  appear  for  a  few  seconds  before  and  after  totality. 
They  are  stil!  sometimes  erroneously  spoken  of  as  diflraction 
bands,  although,  of  course,  they  have  really  nothing  whatever  to 
do  with  diffraction  itself.  They  are  due  to  atmospheric  waves 
occurring  a  few  thousand  feet  above  the  Earth's  surface  at  the 
contact  of  two  currents  of  air  flowing  with  different  velocities. 
Their  direction  and  speed  are  dependent  onthewind.and  have  no 
connection  with  the  Moon's  motion  or  shadow.  We  may  pro- 
duce  the  phenomena  at  will  any  cold  night,  by  opening  a  win- 
dow near  an  electric  arc  light,  when  the  shadow  of  the  rising 
hoj  air  currents  may  be  seen  cast  on  a  sheet  of  paper. 

During  totality  it  is  so  dark  that  6rst  and  second  magnitude 
stars  appear,  but  stars  jof  the  third  magnitude  are  seldom  if  ever 
visible  to  the  naked  eye.  I  have  never  seen  it  so  dark  thai  there 
was  even  the  slightest  difficulty  in  reading  the  time  from  a  watch 
of  ordinary  size.  Those  interested  in  the  matter  will  6nd  vari> 
ous  suggestions  both  for  visual  and  photographic  observations 
given  in  the  Harvard  Annals,  Vol.  XVIII,  p.  109. 

Although,  as  remarked  at  the  beginning  of  this  paper,  little  of 
scientific  value  can  attach  to  direct  photographs  of  the  corona, 
still  many  observers  will  wish  to  bring  away  with  them  some  re- 
minder of  their  trip,  however  inadequate  it  may  be  to  represent 
the  grandeur  of  the  phenomenon  witnessed.  In  order  to  obtain 
the  best  results  the  following  facts  should  be  borne  in  mind :  The 
diameter  of  the  image  of  the  Moon  is  about  one  one  hundredth 
of  the  focus  of  the  lens.  The  brightest  part  of  the  corona  is  about 
one-flftieth  of  the  photographic  brightness  of  the  full  Moon.  The 
faintest  part  of  the  corona,  which  is  equal  in  brightness  to 
that  of  the  surrounding  sky,  is  about  the  same  as  that  of  the  sky 
at  evening,  when  second  magnitude  stars  first  become  visible. 
The  Moon  itself  is  absolutely  black,  and  no  one  has  as  yet  suc- 
ceeded in  seeing  or  photographing  any  detail  upon  it. 

This  blackness  of  the  Moon  in  comparison  with  the  skyis  not  a 


.y  Google 


William  H.  Pickering.  227 

contrast  effect,  as  might  at  6rst  be  supposed,  but  is  a  real  phe- 
nonietion,  as  is  shown  by  photography.  It  ts  not  generally  recog- 
nized, I  believe,  that  it  indicates  that  the  general  illumination  of 
the  heavens  surrounding  the  corona  is  due  to  a  source  of  light  be- 
yond the  Moon.  That  is  to  say,  this  general  illumination  is  not 
due  to  tbe  light  of  the  inner  corona  reflected  from  our  atmos- 
phere, nor  yet  to  the  illumination  of  our  atmosphere  by  the 
bright  regions  of  tbe  Earth's  surface  outside  of  the  Moon's 
shadow,  but  is  due  to  the  reflection  of  the  Sun's  light  froir.  tbe 
countless  small  bodies  revolving  aboat  it,  and  lying  chiefly  inside 
ofthe  Earth's  orbit. 

It  has  been  found  at  Harvard  that  upon  the  average  night, 
when  the  object  is  sufficiently  brilliant,  as  in  the  case  of  the  Moon 
and  brighter  stars,  better  definitioD  is  obtained  with  a  photo- 
graphic telescope  of  fourteen  feet  focus  when  aperture  is  cut  down 
to  3.5  inches,  than  with  either  larger  or  smaller  apertures.  During 
totality  the  seeing  is  likely  to  be  worse  than  during  the  night  at 
Cambridge,  therefore  for  most  purposes  we  may  take  three  inches 
as  tbe  maximum  size  desirable  for  photographic  use.  It  is  only 
with  instruments  of  very  long  focus  that  a  larger  size  is  necessary, 
and  we  are  then  liable  to  secure  inft  rior  definition,  together  with 
alack  of  contrast  on  account  of  the  large  scale  employed. 

Nearly  all  the  detail  of  the  corona  lies  in  a  radial  rather  than  a 
tangential  direction.  The  brightness  ofthe  corona  varies  rapidly 
radially,  but  only  slightly  at  right  angles  to  this  direction. 
Therefore,  if  we  wish  to  bring  out  the  radial  structure,  we  must 
use  a  plate  giving  great  contrast,  but  in  so  doing  we  limit  our- 
selves to  a  zone  of  small  breadth  surrounding  the  Moon.  Inside 
of  this  zone  the  corona  is  over  exposed,  outside  of  it  the  corona  is 
under  exposed.  On  the  other  hand,  if  we  use  a  plate  having  great 
range  but  little  contrast,  the  whole  corona  may  be  shown  upon 
it  properly  exposed,  bat  little  detail  will  be  seen  in  any  portion  of 
its  area.  Effiirts  have  been  made  to  overcome  this  difficulty  by 
shutters  especially  devised  to  vary  the  exposure  in  diflerent  por- 
tioos  ofthe  field.  Ifi  any  case  the  photographer  is  advised  to  use 
a  plate  giving  great  contrast,  which  is  equivalent  to  using  a  very 
slow  plate,  such  for  instance  as  is  used  foi  lantern  slides  and  pro- 
cess work. 

With  an  ordinary  telescope,  whose  focus  is  sixteen  times  its  ap- 
erture, an  exposure  of  two  seconds  will  give  a  very  satisfactory 
picture  ofthe  inner  corona.  If  one  is  provided  with  amounting 
driven  by  clock  work  the  longer  the  focus  the  better.  If  no  clock- 
work is  employed,  and  the  focos  is  as  much  as  four  feet,  the  ex- 
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posure  should  not  exceed  one  second,  or  the  trailing  of  the  image 
will  become  apparent.  For  the  best  results  in  photographing  the 
cater  corona  a  slow  plate  is  imperative.  With  a  doublet  whose 
focus  is  six  times  its  aperture,  an  exposure  of  ten  seconds  is  about 
right.  One  must  not  make  the  mistake  of  giving  too  long  an  ex- 
posure, or  the  plate  will  be  over-exposed,  and  little  contrast  se- 
cured. It  is  probable  that  the  outermost  regions  of  the  corona 
that  wecan  observe  can  best  be  photographed  witha  lens  of  only 
a  few  inches  focus.  Thus,  in  1886,  with  a  lens  of  eight  and  a  half 
inches  focus,  the  corona  was  traced  for  90' from  the  Moon's  limb, 
although  all  distinct  detail  ceased  at  a  distance  of  60'  {Harvard 
Annals,  Vol.  XVIII,  p.  108).  This  is  believed  to  be  the  greatest 
extent  of  corona  shown  by  photography  up  to  that  time,  and  it 
has  only  recently  been  exceeded  by  photographs  taken  during  the 
Indian  eclipse  of  1898,  when  a  similar  lens  was  used.  All  the 
plates  should  be  backed  with  suitable  varnish  to  prevent  reflec- 
tion from  the  rear  of  the  plate.  A  water  color  backing  is  of  no 
use,  since  the  index  of  refraction  of  the  drying  medium  must 
equal  that  of  the  glass. 
Harvard  Obsebvatory,  Cambridge,  Mass., 
March  26, 1900. 
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Foil    POFCLAK  AlTSOHOHT. 

"A  general  catalogue  of  all  the  double  stars  discovered  by  me 
from  time  to  time  during  the  past  twenty-five  years  has  long 
been  needed  by  those  interested  in  this  field  of  astronomical 
research,  and  by  reason  of  the  special  interest  attached  to  many 
of  these  remote  sidereal  systems,  it  has  become  more  and  more 
important  to  bring  the  scattered  material  together  in  order  to  in- 
telligently pursue  the  investigations  which  promise  to  so  much 
increase  our  knowledge  of  the  great  universe  beyond  the  solar 
system."  These  words, taken  from  Mr.  Bumham's  introduction, 
give  the  raisoa  d'  €tre  of  the  work  ot  which,  at  the  request  of  the 
editor  of  Popular  Astronomy,  I  am  glad  to  write  this  review. 

•  [Publications  of  the  Yerkes  Observatorr,  Volume  1, 1900.  A  Genera)  Cata- 
logne  of  1290  Double  Stars  discovered  from  1871  to  1899  b^  S.  W.  Barabam.  Ar- 
ranged in  order  of  Rigbt  Aacension  with  all  tbe  mkrometncal  measnres  of  each 
pair,  by  S.  W.  Burnbam,  Chicago.    Tbe  UoiTersitj  of  Chicago  Pres*.  1900. 
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The  merit  of  the  volume  from  the  mechanical  stand-point  will 
appeal  to  all  who  are  interested  in  good  book-making.  The  large 
open  quarto  page  is  well  adapted  to  such  a  work,  and  the  clear 
type,  the  wide  margins  and  the  almost  complete  absence  of  typo- 
graphical errors  combine  to  make  it  attractive  to  the  eye.  An  ex- 
cellent view  of  the  Yerkes  Observatory  forms  a  fitting  frontispiece, 
and  the  introduction  is  illustrated  by  good  engravings  of  the 
great  40-inch  refractor  of  that  Observatory  and  of  the  three  tele- 
scopes with  which  the  greater  part  of  Mr.  Buroham's  work  has 
been  done — the  famous  0-ineh  refractor,  the  18V^  inch  of  the  Dear- 
born  Observatory  and  the  36-inch  of  the  Lick  Observatory. 

In  this  introduction.  Mr.  Burnham  gives  an  account  of  the  be- 
ginning of  his  astronomical  work,  which  will  be  of  interest  to 
many  who  may  not  see  his  volume.  "When  in  London,"  he  says, 
"about  1861,  I  purchased  one  of  the  cheap  astronomical  tele- 
scopes introduced  about  that  time.  It  had  a  nominal  aperture 
of  three  inches,  but  was  without  a  finder,  and  had  only  the 
simple  altazimuth  mounting  with  a  common  table  tripod.  It 
was  supplied  with  a  terrestrial,  as  well  as  astronomical,  eye- 
piece and  while  it  was  a  good  instrument  for  landscape  use,  it 
was  of  little  value  for  astronomical  purposes.  Some  years  later 
I  obtained  n  394-inch  telescope,  with  an  English  object-glass, 
mounted  equatonally  by  Pitz  on  a  portable  stand.  This  was  just 
good  enough  to  be  of  some  use,  and  poor  enough,  so  far  as  its 
optical  power  was  concerned,  to  make  something  better  more  de- 
sirable than  ever.   In  1869  I  accidentally  met  Mr.  Alvan  G.  Clark 

in  Chicago and  made  some  inquir  es  of  him  about  a 

small  equatorial.  This  interview  resulted  in  my  ordering  from 
the  celebrated  firm  of  Alvan  Clark  and  Sons  an  equatorial  of  six 
inches  aperture.  I  told  them  what  I  wanted  and  what  1  wanted 
it  for.  Every  detail  was  left  entirely  to  their  judgment,  stipulat- 
ing only  that  its  definition  should  be  as  perfect  as  they  could 
make  it,  and  it  should  do  on  double  stars  all  that  it  was  possible 
for  any  instrument  of  that  aperture  to  do.  In  due  course  of  time 
this  instrument  was  delivered,  and  was  set  up  in  an  observatory 
prepared  for  it  in  the  mean  time.  Mv  attention  for  some  reason 
or  other,  which  I  am  enable  to  explain,  had  been  almost  exclus- 
ively directed  to  double  stars  previous  to  this  while  using  the 
smaller  telescopes  referred  to.  This  preference  was  not  in  any 
sense  a  matter  of  judgment  as  to  the  most  desirable  or  profitable 
department  of  astronomical  work,  or  the  result  of  any  special 
deliberation  upon  the  subject.  It  came  about  naturally,  without 
any  effort  or  direction  upon  my  part." 
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With  this  instrameatal  eqaipment  and  an  astronomical  library 
consisting  principally  of  the  6rst  edition  of  Webb's  Celestial  Ob- 
jects for  Common  Telescopes,  Mr.  Dumham  began  his  nrork.  His 
first  new  double  star  {fi  40)  was  found  on  April  27,  1870.  By 
correspondence  with  other  observers,  both  amateur  and  profes- 
sional, by  queries  in  the  columns  of  the  Eaglish  Mechanic,  but 
principally  by  the  laborious  process  of  copying  the  lists  of  doable 
stars  from  varioas  publications  loaned  him  by  different  astrono- 
mers, he  managed  to  increase  his  knowledge  of  the  work  of 
previous  discoverers  in  this  field  to  sacb  an  extent  that  in  1873  he 
was  abl^  to  publish  a  catalogue  of  81  double  stars  which  he 
confidently  believed  to  be  new. 

This  modest  little  list  of  stars  found  by  an  amateur  with  a  six- 
inch  telescope,  forms  a  striking  contrast  to  the  present  volume, 
issued  as  the  first  publication  of  a  great  Observatory,  with  its 
1290  stars,  and  its  summary  of  thousands  of  measures,  the  work 
of  many  of  the  best  observers  and  most  powerful  telescopes  of 
modern  times.  Yet  the  early  publication  contained  the  promise 
and  potency  of  the  larger  work,  for  an  analysis  of  its  81  stars 
shows  that  40  of  them  are  separated  by  distances  of  2"  or  less— 
4of  them  being  well  under  1"— and  that  9  are  naked  eye  stars. 
Thus  two  characteristics  of  the  /?  stars  were  at  once  manifest. 
The  third  characteristic  of  all  of  Mr.  Bambam's  catalogues,  also 
holds  for  this  first  one,  for  at  least  15  of  the  81  stars  have  now 
given  evidence  of  being  physical  systems. 

It  is  a  matter  for  congratulation  that  Mr.  Bumham  refused  to 
be  discouraged  by  the  belief  which  seems  to  have  been  general 
amongst  astronomers  in  1870,  that  the  field  of  double-star  dis- 
covery had  been  exhausted  by  the  Herschels  and  Struves.  Even 
so  well  informed  a  man  as  the  Rev.  T.  W.  Webb,  writing  in  1873, 
after  the  first  three  catalogues  of  ^  stars  had  been  published, 
said:  "It  will  hardly  be  possible  for  you  to  go  on  for  any  great 
length  of  time  as  you  have  begun,  because  the  number  of  such 
objects  is  not  interminable,  and  every  firesh  discovery  is  one  less 
to  be  made.  Still,  what  you  have  already  done  is  so  much  more 
than  any  man  now  living  has  accomplished,  that  your  high  posi- 
tion as  an  observer  is  fully  secured."  After  quoting  this  passage 
Mr.  Burnham  remarks :  "  Since  that  time  more  than  one  thous- 
and new  doable  stars  have  been  added  to  my  own  catalogues, 
and  the  prospect  of  future  discoveries  is  as  promising  and  en- 
couraging as  when  the  first  star  was  found  with  the  six-inch 
telescope." 

It  is  not  my  purpose  to  enter  into  the  detailed  history  of  Mr, 
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BurDham's  labors  in  this  field.  As  is  well  known,  lie  continued 
his  work  of  discovery  with  the  six<ioch  glass,  and  such  larger  in- 
struments as  became  available,  until  he  had  published  19  sepa- 
rate catalogues,  containing  1274  objects.  While  preparing  the 
present  volume  he  added  8  pairs  found  with  the  40-inch  telescope 
and  recovered  8  others,  previously  overlooked,  from  his  old  ob- 
serving books.  This  brings  the  total  to  1290 ;  but  13  stars  were 
tkter  found  to  be  identical  v^rith  previously  known  pairs,  and 
their  numbers,  with  the  number  444,  accidentally  omitted, do  not 
appear  in  the  General  Catalogue.  One  thousand,  two  hundred 
and  seventy-six  pairs  are  therefore  given  ;  133  of  these  consist  of 
additions  of  closer  or  more  difficult  components  to  previously 
known  double  stars,  and  291,  nearly  one-fourth  of  the  whole.are 
bright  enough  to  be  visible  to  the  naked  eye. 

The  arrangement  of  these  stars  in  the  General  Catalogue 
leaves  nothing  to  be  desired.  They  are  given  in  the  order  of 
right  ascension  (for  1880.0)  with  all  the  measures  of  each  pair 
to  the  end  of  the  year  1899.  The  measures  are  mean  results, 
giving  the  date,  the  position-angle,  the  distance,  the  observer, 
and  the  number  of  nights  on  which  complete  measures  were 
made — "in  many  instances  the  angle  has  been  measured  on  a 
greater  number  of  nights  than  that  given  here."  A  sufficient 
number  of  the  estimates  of  relative  magnitude  made  by  different 
observers  is  given  to. fix  this  quantity  with  all  necessary  ac- 
curacy. The  notes  to  each  pair  state  the  telescope  with  which  it 
was  found,  the  character  of  the  relative  motion,  if  any,  the 
amount  and  direction  of  the  proper  motion  of  the  primary  from 
meridian  observations,  if  it  has  been  determined,  and  in  the 
cases  of  the  more  interesting  stars,  a  more  complete  discussion, 
with  the  data  of  orbits,  when  such  have  been  computed,  and 
other  information  of  value  to  the  observer  or  computer.  In  this 
connection  diagrams  are  freely  used.  Finally,  a  complete  refer- 
ence list  of  the  original  publications  of  measures  is  appended  to 
each  star. 

But  one  who  reads  the  book  carefully  cannot  fail  to  notice 
Mr.  Bumham's  moderation  in  the  way  of  descriptive  writing, 
and  his  economy  in  the  use  of  adjectives,  especially  of  those  in 
the  superlative  degree.  One  notes  these  facts  with  a  distinct 
sense  of  pleasure,  for  what  is  wanted  in  a  work  of  this  kind  is 
the  description  and  history  of  each  star  as  complete  as  possible, 
but  in  compact  form. 

In  his  Introduction,  Mr.  Burnham  shows  that  all  the  leading 
double  star  catalogues  prior  to  1870  contained  only  680  stars 
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with  distances  not  exceeding  2".  His  own  discoveries  have 
added  not  less  than  690  to  th's  class.  If  we  extend  the  com- 
parison to  some  more  recent  catalogues,  we  shall  find  that  248 
of  Hongh's  622  stars,  and  162  of  See's  500  have  measured  dis- 
tances' of  2"  or  less.  Neither  catalogue  will  compare  with  Bum- 
ham's  in  the  proportion  of  close  pairs.  We  cannot  speak  with 
certainty  of  Innes'  stars  for  hardly  any  of  them  have  been 
measured,  but  apparently  about  200  of  the  300  pairs  fall  into 
this  category.  If  we  assume  300  other  pairs— a  very  liberal  es- 
timate— of  this  class  as  the  contribution  of  all  other  observers 
to  the  present  time,  the  y9  stars  still  give  us  30  percent  of  all 
known  close  double  stars. 

The  significance  of  this  statement — aside  from  its  testimony  to 
the  keen  observing  powers  of  their  discoverer — lies  in  the  fact 
that  the  class  of  close  doable  stars  yields  by  far  the  greater 
proportion  of  physical  systems,  and  practically  all  the  binary 
stars  of  short  period.  In  the  present  state  of  our  knowledge,  the 
period  of  revolution  of  a  double  star,  in  its  most  interesting  and 
most  important  feature,  and  the  shorter  the  period,  the  higher 
the  interest.  Some  hundreds  or  thousands  of  years  hence,  when 
the  accumulated  observations  of  generations  of  astronomers 
have  furnished  sutHcient  data  for  the  determination  of  a  large 
ntimber  of  orbits,  greater  interest  may  attach  to  other  ele- 
ments—the  eccentricity,  for  instance.  But  even  so,  it  is  obvious 
that  the  stars  in  rapid  motion  will  yield  the  necessary  observa- 
tions in  the  short'>8t  time;  and  the  great  importance  of  the  fi 
stars  is  due  to  the  fact  that  many  of  them  are  already  recog- 
nized as  binaries  of  very  short  period,  and  that  many  others 
give  evidence  of  being  in  rapid  motion. 

Mr,  Burnham  lists  185  pairs  (about  14  per  cent  of  all  the  fi 
stars)  that  have  so  far  given  more  or  less  evidence  of  being 
physical  systems.  He  warns  us  that  this  list  is  only  provisional. 
In  some  cases  the  relative  motion  is  too  small  to  make  the 
nature  of  the  change  certain;  many  other  stars  have  been  ob- 
served at  but  two  epochs,  separated  in  some  instances  by  only  5 
or  6  years;  and  about  40  pairs  have  not  been  re-measured 
since  discovery.  16  of  the  last  named  number  are  the  late  addi- 
tions, and  a  kw  others  may  ultimately  prove  to  be  single.  How 
many  binaries  mfiy  later  be  added  from  these  three  classes  it  is 
of  course  impossible  to  say.  An  examination  of  the  185  pairs  at 
present  enumerated  as  physical  systems,  shows  that  41  of  them 
are  included  largely  on  the  ground  of  possessing  a  common 
proper  motion,  though  there  is  also  slow  relative  change.    These 
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pairs  are  all  at  least  moderately  close — several  of  tbem  very 
close.  52  other  pairs  are  relatively  fixed,  but  possess  a  common 
proper  motion.  Only  seven  of  these  are  as  wide  as  10",  and  33 
of  them  are  closer  than  5".  For  all  the  pairs  under— say  5" — a 
common  proper  motion  is  sufficient  evidence  of  physical  connec- 
tion through  an  attracting  force  simitar  to,  if  not  identical 
with,  that  of  gravitation.  When  the  angular  separation  of  the 
two  stars  is  great,  we  cannot  speak  so  confidently,  but  even 
then  the  best  we  can  do  is  note  the  pair  as  probably  a  physi- 
cal  system,  leaving  definitive  classification  to  the  future.* 

No  one  will  question  the  correctness  of  Mr.  Burnham's  classifi- 
cation of  the  stars  just  mentioned  except  perhaps  in  a  few  in> 
stances  where  the  amount  of  the  proper  motion  is  very  small — 
as  for  example  p  63  and  P  1090.  But  the  other  stars,  those 
that  show  decided  relative  change  are  of  far  greater  interest. 
Some  of  these  also  possess  common  proper  motion  and  in  but 
few  cases  is  the  orbital  nature  of  the  motion  in  doubt.  In  at 
least  27  of  these  pairs,  the  motion  has  been  so  rapid  that  the 
period  of  revolution  is  almost  certainly  less  than  50  years ;  and 
there  are  fully  a  dozen  more  very  interesting  systems  with  mod- 
erately short  periods.  The  observations  of  the  next  few  years 
will  in  all  probability  considerably  increase  the  numbers  in  both 
of  these  classes. 

A  review  of  all  the  double  stars  for  which  orbits  with  periods 
of  less  than  50  years  have  been  computed,  shows  that  the  great 
i"  catalogue  has  contributed  five — only  one  of  which,  21728, 
has  a  period  of  less  than  30  years.  The  O  2  lists  add  two— O  S 
269  {49  years),  and  the  remarkable  system  of  S  Equulei,  which 
needs  only  11.5  years  for  a  revolution;  and  the  discoveries  of 
Alvan  Clark  and  Alvan  G.  Clark,  three  more  (adopting  Zwiers' 
period  for  Sirius),all  with  periods  over  30  years.  The  19  year  pe- 
riodstar^'Sagittarii, discovered  by  Winlock.bringsthetotal  num- 
ber of  short-period  binaries,  exclusive  of  thejSstars,toeleven,only 
thiee  of  which  complete  a  revolution  in  less  than  30  years.  It  is 
probable  that  Procyon,  95  ceti,  and  f  Hydrae  AB,  discovered  re- 
spectively by  Schaeberle,  Alvan  Clark  and  Schiaparelli,  will  later  . 
be  added  to  this  nnmber. 

Turning  now  to  the  ft  stars,  we  find  w  Pegasi  (11.4'2  years), 
the  most  rapid  binary  whose  period  is  accurately  known,  five 
pairs  with  periods  between  15  and  30  years,  and  two  more  with 
periods  nnder  40  years.    For  these  stars  orbits  have  been  compu- 

«  article  "The  Binarj  SystemB"  in   Popu- 
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ted.  We  have  also  /5  555  and  j8  639,  which  are  certainly  very 
rapid,  and  many  other  systems  (e.  g.  /S  552,  /3  648,  fi  962,  /3 
1077,  etc.),  whose  periods  will  prove  to  be  short. 

Mr.  Burnham's  opinion  of  the  value  of  double  star  orbits  based 
on  short  arcs  is  well  known,  and  it  is  therefore  not  sarprising  to 
.find  that  he  has  computed  but  two  orbits  for  his  General  Cata- 
logue. For  /S  Delphini  { 0  151)  he  finds  a  period  of  26.70  years— 
a  year  shorter  than  that  assigned  to  it  by  See — and  for  85  Pegasi 
{/3  783)  a  period  of  25.7.  which  is  1.7  years  longer  than  the  one 
given  bySee.  The  other  elements  also  varysomewhat  from  See's, 
thesemi  major  axis  and  inclination  of  both  orbits  being  consid- 
erably smaller.  Of  (S  41b,  for  which  five  orbits,  with  periods 
ranging  from  25  to  35  years,  have  been  computed,  Mr.  Bumham 
says :  "  While  the  general  form  of  the  apparent  orbit  is  fairly 
well  indicated,  an  investigation  of  this  time  could  give  only  a 
provisional  value.  A  revolution  will  soon  be  completed,  and  then 
a  reliable  determination  of  the  elements  can  be  made," 

This  conservatism  also  prevents  him  from  making  any  more 
definite  statements  with  regard  to  such  stars  as  /3  524  and  0  612 
than  that  orbits  have  been  computed,  but  are  uncertain;  that  the 
motion  is  rapid,  and  that  the  measures  of  the  next  few  years  will 
probably  furnish  data  for  reliable  conclusioos. 

Of /9  395,  Mr.  Barnham  writes:  "See,  using  the  measures  to 
1897.67,  has  computed  the  orbit  and  found  a  period  of  16.3 
years  (i4,W.  3455).  This  assumes  a  change  of  about  180°  between 
1891  and  1897.  From  the  slow  motion  in  angle  and  distance 
between  the  date  of  discovery  and  the  last  measure  in  1891,  it 
seems  very  probable  that  in  all  the  observations  the  companion 

star  should  be  put  in  the  same  quadrant There  is  no 

question  of  the  binary  character  of  this  pair,  but  if  thechang^  has 
been  in  a  gradual  approach  of  the  two  components,  as  seema 
most  likely,  the  period  will  not  be  a  short  one."  And  of  /3  883, 
for  which  Glasenapp  has  found  a  period  of  16.88  years,  and  See 
one  of  5.5  years,  he  writes  (Appendix,  p.  293):  "A  recent  exam- 
ination of  all  the  measures  of  this  star  leads  to  the  conclusion 
that  the  most  probable  period  is  about  seventeen  years.  It  is 
certain  that  the  measures  of  ]891,97  to  1899.78  are  properlyad- 
justed  as  to  quadrants,  and  that  the  angular  motion  in  7.8  years 
is  only  110°. 

All  these  matters  are  questions  to  be  settled  by  the  observer, 
and  answers  should  be  forthcoming  iq  a  very  few  years.  Mean- 
while, the  most  satisfactory  attitude,  and,  in  my  opinion,  the 
one  most  conducive  to  real  progress,  is  the  conservative  one 
which  Mr.  Bumham  takes. 
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I  cannot  close  this  review  without  calling  attention  to  a  mat- 
ter that  does  not  strictly  relate  to  the  fi  stars : 

It  has  long  been  known  to  double  star  observers  that  Mr.  Bum- 
ham  is  in  possession  of  more  extensive  and  more  accurate  knowl- 
edge of  the  bibliography  of  double  star  astronomy  than  any 
other  man  living ;  and  that  he  has  used  his  knowledge  in  compil- 
ing a  complete  catalogue  ol  all  double  star  discoveries  and  meas- 
tires.  In  the  introduction  to  his  present  volume  he  refers  to  this, 
saying  that  the  catalogae,  which  is  arranged  in  proper  form  for 
printing,  "  has  all  the  time  been  kept  posted  to  date,  by  the  addi- 
tion of  all  new  material  as  soon  as  printed,  and  many  unpub- 
lished discoveries  and  observations."  He  adds:  "  Whether  it  will 
ever  assume  other  than  the  present  manuscript  form  remains  to 
be  seen." 

The  publication  of  such  a  catalogae  would  do  for  all  double 
stars  what  his  present  volume  does  for  the  /S  stars.  Noth- 
ing else  could  do  so  much  to  stimulate  research  and  to  direct  ob- 
servers to  fruitful  fields  of  labor.  It  appears  to  me  to  be  the 
most  urgent  need  of  double  star  astronomy  today,  and  I  am  - 
confident  that  I  voice  the  sentiment  of  double  star  observers 
everywhere  in  expressing  the  hope  that  the  means  may  soon  become 
available  to  put  this  work — the  result  of  years  of  patient  labor, 
into  the  permanent  form  now  assumed  by  the  General  Catalogue 
of  the)*  Stars. 

Lice  Observatory,  University  of  California. 
March  6, 1900. 


THE  LA.TE  CATHERINE  WOL,FE  BRUCE. 

W.  W.  PAYKB. 

It  is  no  easy  thing  to  choose  fitting  words  to  refer  to  the  close 
of  any  life  on  Earth,  much  more  is  it  difficult  to  ofier  a  right  and 
worthy  tribute  to  the  memory  of  one  like  Miss  Catherine  Wolfe 
Brace,  who,  for  noble  cause,  the  world  of  science  has  learned  to 
love  for  what  she  was  and  for  what  she  did. 

In  what  follows  it  is  plain  that  her  intelligent  generosity  knew 
no  limits  of  race  or  country,  and  so  science  the  world  over  mourns 
a  common  loss.  Her  kind  and  thoughtful  care  lightened  many  a 
burden  in  her  own  land,  awakened  new  zeal  in  needful  research, 
and  helped  to  finish  many  a  task  when  patience  and  other  re- 
soarces  were  nearly  gone. 

Too  much  will  not  be  said  in  honor  of  such  gentle  and  unpre- 
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tentious  worth;  for,  of  such  kind  is  greatness  that  lives  on  in  un- 
failing  strength  and  beauty,  through  the  finite  and  changeful 
here  into  the  blessed  real  and  eternal  yonder. 

Miss  Bruce  was  born  Janury  22, 1816.  Her  home  was  No.  810 
Fifth  avenue,  New  York  City,  at  which  she  was  during  her  last 
long  illness.    She  passed  away  March  13, 1900. 

We  are  indebted  to  a  friend  for  a  brief  notice  of  the  sad  news 
which  appeared  in  a  recent  issue  of  the  New  York  Tribuae,  as 
follows  : 

"  Miss  Catherine  Wolfe  Bruce  deserves  more  than  the  ordinary 
obituary  record,  for  she  was  a  woman  of  the  highest  character, 
of  many  and  varied  accomplishments,  and  had  contributed  nobly 
of  her  means  to  the  cause  of  charity,  of  education  and  of  science. 
The  George  BruceFree  Library  she  built,  established  and  endowed, 
and  it  is  today  one  of  the  most  flourishing  branches  of  the  free 
library  system.  Her  benefactions  to  the  cause  of  astronomy  are 
known  all  over  the  world,  and  ber  name  is  identified  with  many 
important  advances  in  that  science.  She  corresponded  with  emi- 
nent professors  here  and  in  Europe,  and  was  the  recipient  of  dis- 
tinguished honors  for  her  interest  and  service.  A  gold  medal  was 
presented  to  her  by  the  Grand  Duke  of  Baden,  and  she  enjoyed 
the  signal  distinction  of  having  her  name  given  to  a  newly  dis- 
covered  asteroid.*  Upward  of  $200,000  has  been  her  contribution 
to  the  scienceshe  loved.  Her  charitable  giftsand  those  of  private 
benevolence  need  not  be  mentioned  here. 

"Miss  Bruce  was  the  daughter  of  George  Bruce,  the  famooa 
type-founder,  whose  work  has  stood  the  test  of  time  and  change, 
and  is  still  in  use  at  the  present  day.  Naturally,  Miss  Bruce  was 
interested  in  the  art  of  priming — that  'art  preservative  of  all 
arts,'  as  she  was  fond  of  quoting.  It  has  been  said  that  Miss 
Bruce  was  an  accomplished  woman.  She  had  made  a  study  of 
painting,  and  was  a  painter  herself  She  knew  Latin,  German, 
French  and  Italian,  and  whs  familiar  with  the  literature  of  those 
languages.  She  wrote  and  published  in  1890  a  translation  of  the 
Dies  Ara;.  For  many  years  she  was  an  invalid,  and  deprived  of 
that  society  which  her  talents  and  character  well  fitted  her  to 
adorn.  She  was  always  patientand  uncomplaining, and  entirely 
resigned  to  the  will  of  the  Almighty  Disposer  of  Events.  She  has 
left  a  gracious  memory  of  good  and  generous  deeds  and  an  im- 
pressive example  of  noble  womanhood." 

In  answer  to  oor  request  a  personal  friend  has  favored  us  with 
alistof  the  generous  benefactions  made  by  Miss  Bruce  to  advance 
the  interests  of  astronomy.  It  is  a  pleasure  to  publish  the  entire 
list: 

•  No.  823. 
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GIFTS  TO  ASTRONOMY. 

n  accoant .$  2S,00O 

_  .   n  full 25,000 

3ept.26.1890— ProfeuorHiTScb.Neachatel  Inter.  Geodetic  AMOciation,  500 

-          •       ■■     — ProrcBflor  W.  W.  Payoe,  Carleton  Obwrratorjr 260 

— Profesaor  Simon  Nencomb,  Washington  Nautical  Al- 

500 
600 
500 

— ProtcMor  J.  C.  Adams,  London 500 

— H.  H.  Turner,  Oxford 500 

"    13,     "    —Henrj  A.  Rowland,  Baltimore 500 

"    13,      "    —Professor  E,  S.  Holden,  Lick 500 

"    2r>,     "    — Protea»orJ.  J.  AitrRnd,  Norwaj 150 

"    25,     "    —Dr.  J.  Plastimann,  Warrcndorf,  Germanj 100 

'■    25,     "    — Professor  H.  Brnna,  Leipsic,  Germany 600 

Not.    7,     "    —Profesaor  A.  Sal&rik,  Pragiie 450 

"       7,     "    — Professor  Lenis  Swift.  Warner  ObaerTator;,  Rochester,  50 

"      9,  1891— Harvard  College 500 

June    1, 1892— Dudley  Obaervatory,  Albany,  Frafemor  Lewis  Boss 26,000 

Oct.  10,  1693— Dudley  ObserTatory,  Albany,  Prolesaor  Lewis  Boss....  ..  10,000 

Ap'l  17,  1894— Professor  Max  Wolf,  Heidelberg 10,000 

May    3,  1895- Cbamberlin  Observatory,  H.  A.  Howe 1,000 

'■    15,     "    — Edw.  S.  Holden,  Lick 500 

Sept.l3,     '■    —E.  B.  Barnard,  Lick  Observatory 500 

Nov.22,     "    —George  E.  Hale,  Aatrophyaical  Journal _ 1,000 

Mar.l9,t896— Profesaor  L.  Weinck,  Prague „ 300 

June    8,     "    -Mary  W.  Whitney,  Vussar  Observatory 350 

"    23,     "    — Leo  Brenner,  Maaora  Observatory,  Lnssinpiccola,  latria,  1,660 

Inly  28,     "    —Edw.  S.  Holdea 1,000 

Dec.     7,     "    — Vassar  Caliche,  Maria  Mitchet  Memorial 1,000 

Feb.    2,  1897— Professor  L.  Weinck,  Prague  Royal  Obaervatop 1,000 

Ap'l  16,     "    — H.  A.  Howe,  Astronomical  purposes  Chamberlin  Uaiver- 

sity,  Denver 2,600 

May  17,     "    —J.  K.  Reea,  Columbia  Univeraity  (publication) 1,500 

Joly  22,      "    — E,  E.  Barnard,  Terkes  Observatory,  Photo -Telescope 6,600 

"    22,     "    —B.  B.  Barnard,  Observatory 1,500 

"  26,  "  —Edw.  C.  Pickering,  for  printing  J.  G.  Hagen's  charts  of 
Variable  Stera,  in  five  scries,  Georgetown  College  Ob- 
servatory, D,  C 1,750 

Sept.   2,     "    —P.  R.  Ziel,  Secretary  and  Treasurer  Axtronomical  Socie- 
ty of  the  PaciBc  Bdnowment  Bruce  Medal 2,760 

Hot.  26,     "    — Professor  Rees.   Columbia  University,  to  pay  salary  of 

comoutors  for  one  year 1,600 

Jan.     4,  1898— Profesaor  Dr.  L.  Weinck 500 

Mar.  4,     "    —B  B.  Barnard,  publication  Doable  Stars 1,500 

May31,     "    —Herman  S  Davis,  Reduction  Fiazzi'x  Observations 575 

June   "7,      "    —Columbia   University,  salary  Dr.  Hill,  Celestial  Mecban- 

icB,  for  five  yeara 5,000 

"    24,     "    — Yerkea  Observatory,  salary  Professor  Frost,  Astrophys- 

icB,  five  years 15,000 

Aug.  19,     "    —Astronomical  Clock  for  J.  G.  Hagcn  (remitted  Professor 

Pickering) Bon 

Sept.  28,    "    — H.  A.  Howe,  salary  lor  one  year, 

Oct.   13,     "        ■  "   "         ~  •  

■'    13,  ,  ^_, ,. ,„ 

"    13,     "    — Herman  S,  Davis,  Reduction  of  Plazii's  Obscrvationa. 
Dec.  19,     "    — Simon  Newcomb,  salaries  Compntors  Ultra  Neptnni 
Planet 


Mar.  17, 1899— Publication  of  Father  Hagen'a  Chart  (Remitted  Profes- 


cnasion  of  Astronomical  Photographs... 
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Seat.  8,     "    — G«orse  B.Hale, for  Spectogr«pb for  VerkeBObserTatory,  2,300 

■^    14,     "    —H.  A.  Howe,  salary  (or  one  year 2,000 

"    27,     "    — William  R.  Brooks,  manaracturioft  Astronomical  Inatra- 

ments 300 

Not.  39,     "    —Bdoit  College,  Department  Astronomy 1,600 

$174,275 


A  NOTE  ON  A  SUPPOSED  EARLY  COI^UNCTIQN  OF  PLANETS. 

W.  H.  8.  MONCK. 
Fob  Popular  Aitiohoht. 

The  late  Mr.  John  William's,  in  his  Observations  of  Comets,  (ex- 
tracted from  the  Chinese  Annals),  published  in  1871,  gives  some 
interesting  details  as  regards  early  Chinese  Astronomy  which  he 
had  carefully  studied.  One  of  these  relates  to  the  coDJunction  of 
planets  to  which  I  refer. 

"In  the  Chinese  Annals" it  is  recorded  that  in  the  reign  of  Chuen 
Kuh,  the  grandson  of  Hwang  Te,  in  the  spring  of  the  year, 
on  the  first  day  of  the  first  Moon,  a  conjunction  of  five  planets 
occurred  in  the  heavens  in  Ying  Shih.  Zing  Shih,  or  as  it  is  more 
usually  denominated  Shih,  is  one  of  the  28  stellar  divisions, 
determined  by  a,  /S  and  other  stars  in  Pegasus,  extending  north 
and  south  from  Cygnus  to  Piscis,  Australia,  and  east  and 
wiest  17 degrees, and  compasing  part  of  oursignsCapricornusand 
Acquarins.  The  Emperor,  Chuen  Kuh,  is  said  to  have  reigned  78 
years,  from  B.  C  2513-2436,  and  to  have  died  in  his  97th  year ; 
and  from  modem  computations  (I  believe  by  Baillv,  the  French 
astronomer),  it  has  been  asserted  that  a  conjunction  of  the  five 
planets  actually  did  take  place  about  the  timeand  within  the  lim- 
its indicated,  /.  e.  on  the  29th  of  Februry,  2449  B.  C,  being  the 
65th  year  of  Chuen  Kuh.  Should  this  on  further  investigation 
prove  correct,  it  will  afford  a  strong  presumption  of  the  authen- 
ticity of  the  early  Chinese  annals,  as  there  is  no  appearance  of 
these  astronomers  having  been  at  any  time  able  to  compute  the 
places  of  planets  so  far  back ;  and  the  laccount  is  to  be  found  in 
works  published  long  before  any  intercourse  with  Europeans  had 
taken  place." 

The  length  of  Chuen  Kuh's  reign  is  a  little  startling,  and  leaves 
a  good  deal  of  scope  for  such  a  conjuction,  and  if  really  observed, 
it  seems  strange  that  the  first  comet  in  Mr.  Williams'  catalogue 
should  be  in  B.C.  611,  or  more  than  1800  years  after  the  conjunc- 
tion of  planets  had  been  observed.  But,  turning  to  a  well  known 
work  on  the  subject,  Mr,  G,  F.  Chambers'  Handbook  ofAstrono- 
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my,  I  find  (Vol.  I.  pp.  70-1}  that  he  speaks  of  the  conjunction  as 
one  of  Mars,  Jupiter,  Saturn  and  Mercnry,  and  says  that  Desvig- 
noles  and  Kirch  computed  that  such  a  conjunction  actually  did 
take  place  on  February  18th  B.  C.  2446,  between  10°  and  18°  of 
Pisces.  Williams,  however,  though  he  may  have  made  a  slip 
in  the  date,  when  citing  Bailly  from  memory,  is  very  unlikely  to 
have  misrepresented  the  Chi'  ese  annals  as  stating  that  therewas 
a  conjunction  of  the  five  planets  if  only  four  were  mentioned  (and 
thesefour,it  would  seem, specified  if  Chambers  beCorrect).  Cham- 
bers  consulted  both  Bailly  and  the  original  memoirs  of  the  two 
computers  in  question.  He  goes  on,  however,  to  mention  a  third 
computer,  de  Mailla,  who  places  the  same  four  planets  together 
with  the  Moon  in  conjunction  between  15°  and  27°  Pisces  on  the 
the  9th  of  February,  B.  C.  2441.  But  the  Chinese  observers  would 
hardly  have  described  the  Moon  as  a  fifth  planet,  and  it  will 
be  noticed  that  Venus,  the  brightest  of  all  the  planets  is  represent- 
ed as  being  on  both  occasions  conspicuous  by  her  absence.  But 
three  conjunctions  of  the  remaining  four  planets  in  February, 
2441  B.  C,  2446  B.  C.  and  2449  B.  C,  in  the  same  part  of  the 
sky  are,  I  apprehend,  simply  impossible.  If  one  of  these  conjunc- 
tions took  prace  the  other  two  did  not.  Even  if  a  conjunction  of 
four  planets  would  satisfy  the  Chinese  record,  can  we  rely  on  its 
occurrence,  when  three  computers  give  usthree  inconsistent  dates? 
But  some  other  dates  given  by  Mr.  Williams  are  rather  start- 
ling. The  system  of  reckoning  by  cycles  of  60  years  was  intro- 
duced, he  states,  by  the  Emperor  Hwang  Te,  who  reigned  for  100 
years,  from  2698  B.  C,  to  2598  B.  C.  Cbuen  Kuh  was  his  grand- 
son. The  time  that  elapsed  between  the  accession  of  the  grand- 
father and  grandson  was  just  185  years,  after  which  it  will  be 
recollected  the  latter  reigned  for  78  years,  making  262  or  263 
years  from  his  grandfather's  accession  to  his  death.  Mr,  Williams 
does  not  give  any  particulars  as  to  Chuen  Kuh's  immediate 
successor,  but  it  seems  that  the  Emperor  Zaou,  also  reigned  for 
100  years,  from  2356  B.  C.  to  2256  B.  C.  I  presume  the  length 
of  Zaou's  reign  was  taken  into  consideration  in  computing  the 
time  when  Chuen  Kuh  lived.  The  impartial  reader  will,  I  think, 
entertain  a  very  strong  suspicion  that  the  whole  of  this  historical 
chronology  is  fabulous;  that  very  probably  there  never  was  any 
such  Emperor  as  Chuen  Kuh;  that  if  he  really  existed,  the  date  of 
his  reign  is  extremely  uncertain ;  and  consequently  that  the  con- 
junction of  planets  was  not  recorded  by  any  observer,  but  arrived 
at  by  computing  backwards,  in  the  very  same  way  that  the  Euro- 
pean astronomers  of  the  18th  century  arrived  at  a  similar  result. 
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The  Chinese  astronomers  also  computed  a  conjunction  for  some 
date  between  2513  B.  C.  and  2436  B.  C,  and  then  following  the  cur- 
rent but  fabulous  history,  ascribed  it  to  the  reign  of  Chaen  Knh. 
The  problem  was  probably  suggested  by  an  observed  conjunction 
of  three  or  four  planets  in  this  region  of  the  sky,  A  rough  compu- 
tation would  enable  an  astronomer  to  calculate  the  dates  when 
the  same  planets  had  come  together  in  the  same  part  of  the  sky 
during  past  ages,  and  then  the  question  was,  at  which  of  these 
dates  were  the  remaining  planets,  or  one  of  them,  also  to  be  found 
in  same  constellation?  This  was  computed,  but  very  probably 
computed  erroneously.  Such  I  believe  was  the  history  o(  this 
conjunction. 


THE  TOTAL,  SOLAR  BCLIPSE,  MAY  28,  1800. 

H.  C.  WILSON. 

The  great  astronomical  event  of  the  year,  at  least  so  far  as  can 
be  predicted,  is  to  be  the  total  eclipse  of  May  28,  which  will  be 
visible  in  accessible  regions,  both  in  America  and  Europe. 

In  Europe  the  path  of  totality  passes  across  Spain  and  Po  rtu- 
gal,  touching  a  number  of  easily  accessible  cities.  It  also  crosses 
the  northern  coast  of  Africa,  the  two  large  cities,  Algiers  and 
Tripoli,  lying  near  the  central  line.  Many  European  expeditions 
will  occupy  stations  along  this  portion  of  the  path  of  the  Moon's 
shadow.  The  eclipse  committee  of  the  British  Astronomical  As- 
sociation  have  undertaken  a  steamer  excursion  to  Spain  and  Al> 
geria.  The  steamer  proposed  will  carry  189  passengers,  and  the 
cost  to  one  making  the  entire  trip  to  Algiers  and  remaining  on 
board  during  the  stay  is  to  be  22/.  10s.  At  latest  reports,  the 
war  in  South  Africa  makes  it  somewhat  doubtful  whether  the 
requisite  number  of  persons  will  go  to  make  the  excursion  a 
success. 

In  the  United  States,  as  may  be  seen  from  the  accompanying 
charts,  the  path  of  totality  crosses  the  southern  states  from  New 
Orleans,  La.,  to  Norfolk,  Va.  It  is  crossed  by  railroads  at  many 
points,  and  the  great  railroad  centers  of  the  various  states,  New 
Orleans,  La.,  Mobile  and  Montgomery,  Ala.,  Atlanta,  Macon  and 
Augusta,  Ga.,  Columbia,  S.  C,  and  Raleigh,  N.  C, lie  either  with- 
in or  near  the  course  of  the  shadow.  The  investigations  of  the 
Weather  Bureau  (see  Popular  Astronomy  Nov.  1899)  point  to 
stations  in  Alabama  and  Georgia  as  the  most  likelyto  be  free  from 


.y  Google 


.)l 


^ 


3 


oj-truAi 


d.y  Google 


„  Google 


J*                               4,                    *.                It               *                g 

/>4^^W<  V 

u-- 

^<:7  )y  ^^:'=^.^ 

M^ 

jr^-^  /  ^(fff 

i^4C^  \^ 

■ 7      /  ?i^ 

'^r'-""3^  ^-"^"-^  /\       \^""v. 

ilSj — /i,"  >o" 

^^^^^^M. 

isA 

r'f? 

? 

<»w^^  ^\     \Jk\ 

"Wj^T^-^ 

r 

i  01 

^^^^!^2^\\fcr 

<i 

^A> 3a    'V r        N^u'!t^:/-Jr/^^\--^^^\S\ 

m/^X^ 

1 

.s 

jfvC — "^^'f^s^^^^^^\ 

J 

9  n 

S — itd 

i 

a^t 

&-ifl, 

s 

! 

s 

;^ 

M-^4 —  — u- Z^^^^^^$*?C 

/^g5SC 

-V'W'^^^C^^^^V^^^ 

"*  \A^ 

■ 

St 

f 

\    - 

JHfCv^^^^^^fe 

X' 

0?%\  /    \ 

t 

\ 

'fV 

-\ 

fc 

r"^"! 

^ 

^  L 

\    v^^Xx^l/l^v 

^J^^_ 

Jv^'v^^^/Xf  ^i^^'^i  r — 

ri^^~ 

\ 

yi-^ 

f 

„  Google 


242  The  Total  Solar  Eclipse,  May  28,  1900. 

clouds,  ^o  that  doabtless  most  scieatific  parties  from  a  distance 
will  endeavor  to  locate  in  those  states.  There  will  be,  however, 
many  local  parties  all  along  the  line,  who  will  witness  the  won- 
derful phenomena  of  the  total  eclipse  and  try  to  collect  data  for 
the  scientific  study  of  the  mystery  of  the  Sun's  surroundings. 

A  few  will  go  to  Mexico,  where  the  path  of  totality  crosses  four 
lines  of  railway,  about  170  miles  north  of  Zacatecas,  100  miles 
south  of  Saltillo,  100  miles  south-east  of  Monterey  and  on  the 
Texan  border  about  100  miles  north-west  of  Matamoras.  Here, 
however,  the  eclipse  will  occur  early  in  the  morning,  totality  com- 
ing between  six  and  seven  o'clock  A.  M.,  and  lasting  less  than  a 
minute. 

At  New  Orleans  the  eclipse  begins  at  6:25  A.  M,,  is  total  at  7" 
SO-"  and  ends  at  ends  at  8"  43'°  A.  M.  Totality  lasts  !"•  12'.  As 
the  6''  meridian  from  Greenwich  passes  through  New  Orleans, 
local  and  standard  time  there  agree. 

On  the  Atlantic  coast,  near  Norfolk,  Va.,  the  eclipse  will  begin 
at  7"  a?-",  will  be  total  at  8"  49'",  totality  lasting  1'"  40',  and  will 
end  at  lO"- 11™  A.  M.,  local  time. 

From  these  statements  one  can  easily  judge  of  the  altitude  of 
the  Sun  at  the  intermediate  stations,  and  of  the  conditions  under 
which  the  eclipse  may  be  observed,  barring  bad  weather. 

Chart  No,  1,  accompanying  this  paper,  shows  that  the  eclipse 
will  be  partial  over  nearly  the  whole  of  North  America,  a  Httle 
of  South  America,  the  whole  of  Europe,  the  northern  part  of  Af- 
rica and  a  little  of  the  western  part  of  Asia,  Observers  who  are 
unable  to  go  to  the  path  of  the  total  eclipse,  although  missing 
the  grand  spectacle  of  the  corona,  will  yet  be  able  to  witness  the 
partial  covering  of  the  Sun  by  the  dark  Moon,  and  may  contribute 
something  useful  to  science  by  noting  the  exact  moments  of  the 
beginning  and  end  of  the  eclipse.  It  will  be  necessary  for  this  that 
the  latitude  and  longitude  of  the  place  of  observation  be  carefully 
determined,  and  that  the  errors  of  the  time  pieces  used  be  found 
within  a  quarter  of  a  second.  The  time  is  telegraphed  each  day. 
from  the  U.  S.  Naval  Observatory,  over  the  Western  Union  tele- 
graph lines,  and  on  that  day  the  signals  will  doubtless  be  more 
than  usually  correct.  Observers  may  thus  find  the  errors  of  their 
time  pieces  by  carrying  them  to  the  nearest  railway  station  and 
comparing  them  with  the  clock  at  Washington. 

Chart  No.  2  (reprinted  from  Professsr  Bigelow's  paper,  Popu- 
lar AsTRONOMy,  Nov,  1899),  shows  the  path  of  totality  across 
the  United  States,  and  most  of  the  stations  along  the  path. 

According  to  the  larger  map  issued  more  recently  by  the  U.  S. 
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Chart  III.— The  Stabs  w  the  Vicinity  op  th^Son,  May  28, 1900. 

Naval  Observatory,  this  chart  is  not  quite  exact,  the  center  line 
of  the  path  of  total  eclipse  being  drawn  approximately  five  miles 
too  far  south  at  New  Orleans,  and  about  the  same  distance  too 
far  north  near  Norfolk. 

Chart  No.  3  shows  the  position  of  the  Sun  among  the  stars  at 
the  time  of  the  eclipse.  The  line  at  the  bottom  of  the  chart  repre- 
eents  the  eastern  horizon  as  seen  in  Georgia,  about  the  middle  of 
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the  path  across  the  United  States,  longitude  SS^Jatitude  33°  SC, 
the  Sun's  altitude  there  being  about  40°  at  the  lime  of  totality. 
The  faintest  stars  given  on  the  chart  are  of  the  fifth  magnitude, 
but  it  is  probable  that  these  will  not  be  visible  to  the  naked  eye. 
It  is  doubtful  whether  the  darkness  during  this  short  totality 
will  be  sufBcient  to  render  anything  fainter  than  the  third  magni- 
tude visible.  Mercury  may  be  seen  a  little  way  above  the  Sun, 
and  Mars  also,  well  up  toward  the  meridian.  The  Hyades  and 
Pleiades,  the  nearest  groups  of  stars  to  the  Sun,  may  possibly  be 
recognized,  but  are  more  likely  to  be  overpowered  by  the  brillian- 
cy of  the  corona. 

The  eclipse  supplement  to  the  American  Ephemeris,  1900,  con> 
tains  many  admirable  suggestions  to  observers  of  the  eclipse  un- 
der the  headings :  1 .  Sketches  of  the  corona  with  the  naked  eye. 
2.  The  Moon's  shadow  bands.  3.  Photographs  of  the  corona. 
4.   Observations  of  the  times  of  the  contacts. 

As  the  suggestions  under  thefirst  two  heads  can  be  followed  by 
many  persons  with  the  slightest  of  equipment, we  give  them  here, 
taking  issue  with  Professor  W.H.  Pickering  (See  page  225),  on  the 
usefulness  of  this  kind  of  work.  Good  photographs  of  the  corona 
will  always  have  great  scientific  value,  for  only  by  these  can  the 
intricate  details  of  the  coronal  structure  be  accurately  depicted, 
and  thus  its  lawsof  formation  and  change  be  studied.  Photogra- 
phy,however, fails  in  some  respects  and  needs  to  be  supplemented 
by  careful  eye  observations  and  drawings. 

I.— SKETCHES   OF  THE  CORONA   WITH  THE   NAKED   EYE. 

The  duration  of  totality  will  be  short,  varying  from  1""  12"  in 
the  neighborhood  of  New  Orleans  to  1'"  40"  near  Norfolk,  Pre- 
liminary preparations  therefore  should  be  carefully  made,  and  the 
necessary  skill  and  quickness  acquired  by  practice  on  artificial 
models.  Those  who  expect  to  make  a  sketch  of  the  corona  un- 
aided will  havetocontine  their  attention  to  sketching  the  outlines 
or  to  some  other  particular  feature,  otherwise  there  will  result 
hasty  and  inaccurate  work.  Co-operation  of  groups  of  from  two 
to  five  sketchers,  as  ]$racticed  in  the  last  eclipse  in  India,  1898,  is 
strongly  commended  by  the  successful  drawings  then  made. 

In  any  case,  whether  sketching  singly  or  in  co-operation  with 
others,  there  should  be  prepared  a  diagram  to  form  the  basis  of 
the  drawing  of  the  corona.  A  sheet  of  paper  of  convenient  size, 
about  9  by  12  inches, should  have  drawn  upon  it  a  black  disk  IW, 
inches  in  diameter  to  represent  the  Moon,  with  straight  lines  ra- 
diating from  the  center  at  angles  of  30°.  The  positions  of  the 
various  parts  of  the  corona,  as  seen  projected  against  the  sky, 
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are  best  referred  to  a  vertical  line  obtained  by  mounting  a  plumb 
line  BO  that  it  is  seen  hanging  over  the  Moon's  center.  The  dia- 
gram upon  which  the  drawing  is  to  be  made  is  to  be  placed  upon 
any  convenient  support,  so  that  the  line  marked  "Top"  "Bot- 
tom" shall  be  in  the  plane  of  the  plumb  line,  the  top  part  corre- 
sponding to  the  top  of  the  string.' 

Others  might  find  it  more  easy  to  estimate  the  angular  posi- 
tions by  dividing  the  diagram  into  four  quadrants,  as  the  actual 
position  of  the  parts  of  the  corona  as  seen  in  the  sky  will  have  to 
be  estimated  from  the  vertical  plumb  line  and  an  imaginary  hori- 
zontal line  perpendicular  to  the  plumb  line. 

For  the  benefit  of  those  who  may  wish  to  try  the  co-operative 
plan  of  sketching,  the  following  hints  with  but  little  modification 
are  taken  from  the  report  of  the  British  Astronomical  Association 
on  "Indian  Eclipse,  1898." 

"HINTS  FOR  MAKING  DRAWINGS  OP  THE  COBONA. 

"1.  The  party  should  consist  of  at  least  five  persons — four  to 
sketch  details  of  single  quadrants,  and  one  (the  leader)  to  sketch 
rapidly  the  general  features  of  the  corona.  The  leader  will  then 
be  able  to  correct  and  supplement  the  work  of  the  quadrant 
sketchers,  when  producing  the  combined  sketch.  This  must  be 
done  on  the  same  day,  immediately  after  the  eclipse,  in  consulta- 
tion with  the  whole  party;  and  all  the  drawings  should  be  pho- 
tographed as  soon  as  completed.  The  drawings  themselves, even 
if  faulty,  should  not  be  touched  after  completion. 

"2.  The  party  should  practice  together  beforehand,  each  one 
sketching  his  own  proper  quadrant  from  a  corona  drawing  sus- 
pended at  the  angular  height  of  the  Sun.  The  time  of  exposure 
o(  the  drawing  should  be  slightly  less  than  the  known  duration 
of  the  eclipse.  By  rotating  the  drawing  it  may  be  made  to  serve 
for  four  sketches.  The  drawing  must  be  well  illuminated  and 
clear,  but  must  not  be  large.  TheSunand  Moon  are  small  objects 
to  the  eye,  and  a  large  drawing  would  not  give  useful  practice. 

"3.  Experience  shows  that  Mr.  Green's  suggestion  as  to  ma- 
terials, white  chalk  on  purplish  blue  paper,  is  an  admirable  one. 
For  practicing,  brown  paper  serves  very  well  if  blue  paper  is 
scarce. 

"  4.  It  is  important  always  to  practice  on  the  same  scale  as  the 
final  sketch  is  to  be  made.  It  has  been  found  that  a  silver  half 
dollar  (li's  inches  in  diameter),  is  a  very  convenient  size  for  the 
black  body  of  the  Moon,  and  this  maybe  always  at  hand.  A  cir- 
cle, being  drawn  around  the  half  dollar  is  bisected  vertically  and 
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horizontally,  and  the  diameters  are  produced  across  tlie  paper. 
The  sketcher  has  a  plumb  line  (a  bunch  of  keys  at  the  end  of  a 
string  will  do),  with  which  he  divides  his  model  corona  vertically 
as  he  looks  up  at  it,  and  he  guesses  at  the  corresponding  horizon- 
tal division.  His  quadrant  thus  fixed,  he  proceeds  to  sketch  it. 
When  the  time  is  called  .the  leader  redraws  all  four  quadrants  in 
one  combined  sketch,  and  by  comparison  with  the  original,  the 
habitual  faults  of  the  sketchers  are  detected,  and  in  the  course  of 
a  few  practices  will  disappear. 

"5.  The  position  of  any  planet  or  high-magnitude  star  very 
near  the  Sun  at  the  time  of  eclipse  should  be  accurately  ascer- 
tained, and  its  distance  measured  in  terms  of  the  Moon's  diame- 
ter (taken  as  half  a  degree),  as  th,ese  facts  when  made  familiar 
to  the  whole  party  will  check  the  supposed  direction  and  extent 
of  any  long  streamers  of  the  corona. 

"6.  On  eclipse  day  the  sketchers  should  avoid  fatiguing  their 
eyes  by  too  much  observation  of  the  preceding  partial  eclipse, 
and  should  rest  the  eyes  for  the  last  five  minutes  before  totality, 
abso1ut,ely.  It  would  be  well  to  close  them  for  the  last  minute, 
and  open  them  by  a  signal  at  totality.  Attention  should  be 
paid  to  the  extreme  extent  and  to  the  color  of  the  corona  at  the 
moment  of  beginning  to  draw,  when  the  eye  is  at  its  freshest, 
and  consequently  is  better  able  to  observe  these  points  than  af- 
ter gazing  at  the  very  bright  inner  parts  of  the  corona." 

It  should  not  be  inferred  from  the  emphasis  laid  upon  the  num- 
ber five  that  co-operatioo  between  two  or  three  observers  would 
not  have  an  advantage  over  the  method  of  making  a  sketch  un- 
aided. 

U. — THE  moon's  shadow  BAKDS. 
The  Moon's  shadow  i-<  bordered  by  diffraction  bands  of  alter- 
nate light  and  shade,  which  are  visible  on  any  white  background, 
and  last  about  a  minute  before  and  after  totality.  At  the  eclipse 
expedition  to  the  Caroline  Islands  in  1883  they  were  successfully 
observed,  and  the  simple  method  adopted  there  is  recommended. 
A  white  sheet,  table  spread,  or  another  large  piece  of  white 
cloth,  is  spread  upon  the  ground  and  securely  fastened,  the  edges 
lying  north  and  south  and  east  and  west.  The  observer  should 
be  provided  with  a  long  rod,  which  he  will  lay  upon  the  sheet 
either  parallel  or  perpendicular  to  the  shadow  bands  as  they 
move  rapidly  across  the  sheet,  in  order  to  get  their  direction.  A 
similar  one  should  be  used  for  the  line  succeeding  totality,  as  the 
directions  differ  widely.  Measure  as  accurately  as  practicable 
the  direction  of  the  two  positions  of  the  rods,  using  a  compass  or 
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other  instrunKtit  in  order  to  get  their  azimuth  or  bearing.  A 
second  observer,  provided  with  a  watch  should  try  to  count  the 
number  of  bands  per  minute,  and  estimate  carefully  their  distance 
apart  in  inches  as  they  move  across  the  white  surface.  In  the  re- 
port upon  this  phenomenon,  in  giving  the  direction  of  the  rods 
with  reference  to  the  compass  points,  it  should  be  stated  whether 
they  were  placed  parallel  or  perpendicular  to  the  lines. 


THE  STUDY  OP  ASTRONOMY  III. 

W,  W.  PAYNB. 

The  brief  articles  before  given  in  the  January  and  Februry  num- 
bers of  this  publication  have  spoken  of  the  views  of  some  promi- 
nent school  men  aboat  making  elementar.y  astronomy  a  part  of 
the  conrsea  of  study  in  the  secondary  schools,  the  methods  of 
teaching  astronomy  where  it  is  pursued;  the  marked  changes 
that  are  now  being  introduced,  sometimes  known  as  the  "induc- 
tive" or  the  laboratory  methods;  and  the  means  of  illustration 
so  necessary  in  all  ways  of  teaching  astronomy.  This  last  point 
is  deemed  so  important  that  we  promised  to  say  more  about  it, 
and  would  have  done  so  in  our  last  number,  but  for  the  failure  of 
engravers  to  reproduce  the  fine  illustration  of  the  Merope  nebula 
which  is  given  as  the  first  plate  in  this  number.  In  our  last,  we 
referred  to  the  help  which  photographs  of  celestial  objects  gives 
in  the  study  of  details,  which  cannot  be  obtained  so  well  in  any 
other  way.  We  printed  some  cuts  of  enlarged  photographs  of 
the  Sun  and  Moon  that  our  readers  might  get  a  fuller  idea  of  the 
value  of  this  means  of  illustration  that  could  not  be  so  well  real- 
ized without  them.  We  also  referred  to  special  ways  of  studying 
the  details  of  sun-spots  by  the  aid  of  the  best  drawings  that  have 
cometoour  notice.  In  that  connection  we  should  have  said  more 
about  the  study  of  the  prominences  and  faculaebythe  aid  of  pho- 
tographs obtained  when  the  spectroscope  is  used  in  connection 
with  the  telescope.  It  is  known,  probably,  to  most  of  our  read- 
,  ers,  that  very  fine  views  of  the  prominences  may  be  had  in  this 
way, and  thatboth  prominencesandfaculeecanbephotographed. 
The  pictures  that  have  been  already  obtained  with  some  special 
forms  of  instruments  are  such  as  to  give  promise  of  useful  results 
in  the  study  of  some  important  solar  phenomena.  There  is  cer- 
tainly  photographic  power  enough  in  the  H.  and  K.  region  of  the 
spectrumfor  much  aid  in  pushingonr  knowledge  further  in  regard 
to  some  conditions  of  solar  activity. 
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We  desire  to  call  attention  again  to  the  work  of  Professor  J.  E. 
Keeler,  Director  of  Lick  Observatory,  Mount  Hamilton,  Califor- 
nia, in  photographing  some  faint  nebula  by  the  aid  of  the 
Crossley  reflector. 

The  picture  which  is  our  first  plate,  is  the  Merope  uebula.  This 
nebula  fills  avast  region  of  space  around  the  star  of  the  Pleiades, 
caHed  Merope.  The  original  negative  was  exposed  four  hours,  od 
a  fair  night,  but  oot  one  of  the  best.  Professor  Keeler  says  that 
the  positive  (from  which  our  plate  is  made)  does  not  show  the 
small  nebula,  which  is  sometimes  spoken  of  as  Barnard's  new 
Merope  nebula,  but  that  it  does  appear  on  the  orijsrinal  negative. 
The  positive  was  an  enlargement  of  the  original  negative  to  four 
diameters,  and  our  plate  is  the  same  size  as  the  positive. 

Our  readers  who  are  acquainted  with  the  names  and  relative 
positions  of  the  naked-eye  stars  in  this  group,  will  easily  get  the 
scale  of  the  picture  by  noting  the  place  o(  the  apparently  bright 
star  above  and  to  the  right  of  Merope,  in  the  midst  of  the  nebula. 
That  star  is  given  in  Young's  cut.  Fig.  229,  p.  553  of  the  last  edi- 
tion of  General  Astronomy,  as  one  of  two  faint  stars  nearly  half- 
way between  Merope  and  Electra.  The  other  fainter  star  in  the 
same  direction  from  Merope,  just  on  the  edge  of  the  plate,  is  an- 
other star  in  the  little  triangle  shown  inthecut  above  referred  to. 
The  space  covered  by  this  plate  as  represented  on  the  cut  would 
be  a  little  more  than  one  square  inch ;  or  about  twenty  minutes 
of  arc  each  way,less  than  one  eighth  of  the  area  in  the  sky  which 
the  naked  eye  stars  of  the  Pleiades  seem  to  enclose. 

If  we  now  look  at  the  beautilul  plate  in  its  details,  we  are  able 
to  geta  glimpse  of  some  of  the  wonders  of  this  remarkable  group 
of  stars  which  have  been  a  source  of  careful  study  by  scholars  in 
recent  years. 

The  first  thing  noticed  in  regard  to  the  central  star,  Merope,  is 
the  many  rays  of  light  that  extend  outward  in  all  directions.  We 
called  attention  to  this  in  a  brief  paragraph  in  the  March  issue 
of  this  publication.  As  there  said,  we  suppose  the  rays  are  due 
to  the  supports  of  the  small  mirror  in  the  tube  of  the  telescope. 
But  the  chief  thing  of  interest  is  the  stractnreof  the  nebulous  mat- 
ter surrounding  Merope,  It  is  at  once  seen  that  the  exteriormat- 
ter  is  not  related  to  Merope  as  a  center,  in  any  such  way  as  the 
nebulous  masses  appear  to  be  in  the  great  Andromeda  nebula. 
There  the  nebulosity  seems  to  fall  into  rings,  more  or  less  distinct- 
ly outlined,  suggesting,  possibly,  rotary  motion  of  the  whole 
mass.  We  do  not  say  that  this  ring  formation  gives  more  than 
a  hint  of  the  condition  of  the  nebula  in  regard  to  motion.    This 
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may  or  may  not  be  the  explanation  of  the  rings  that  present  so 
much  of  interest  in  detail,  now  so  well  seen  in  photographs  of 
long  exposure.  In  the  Merope  nebula  the  nebulous  masses  do  not 
seem  to  be  related.  They  are  in  streaks,  straight  and  curved,  in 
parallel  lines  that  fade  oif  gradually  into  faint  streamers  or  dim, 
irregular  patches  soon  lost  to  view,  because  they  cannot  be  furth- 
er followed  by  the  power  of  the  sensitive  plate  to  catch  the  dis- 
tant outlines,  rather  than  the  supposition  that  the  end  of  their 
nebulosity  has  been  reached.  In  this  plate,  and  in  other  pictures 
of  this  nebula,  the  filiamentary  structure  of  the  main  mass  is  very 
distinctly  given.  As  we  look  at  it  thoughtfully  we  are  reminded 
of  the  penumbra  of  great  and  active  sun-spots,  especially  where 
the  motion  of  the  granular  masses  is  somewhat  evenly  directed, 
towards  the  umbra  of  the  sun-spot.  Can  these  striated  forms  in 
the  nebulous  masses  mean  motion?  If  so  what  kind  of  motion? 
The  fact  that  some  of  them  point  one  way  and  others  another 
way,  while  the  different  systems  of  rays  appear  to  be  occupying 
the  same  space  nearly  is  another  most  perplexing  thing. 

We  mention  a  few  of  these  interesting  details  to  call  attention 
to  the  great  value  of  good  photographs  in  the  study  of  astrono- 
my, and  especially  so  if  one  is  charged  with  the  responsibility  of 
giving  instruction  to  students. 

This  must  appear  more  strongly  evident,  when  we  remember 
that  the  la'rgest  telescope  now  in  use  will  not  present  to  the  ex- 
perienced observer  so  fine  a  view  of  the  Merope  nebula  as  that 
which  is  shown  in  Professor  Keeler's  fine  negative,  from  which 
onrcut  by  three  orfour  intermediate  processes  has  been  obtained. 
Still  more  is  it  astonishing  to  us,  when  we  remember  that  only  a 
few  years  ago  there  was  very  lively  discussion  among  prominent 
astronomers  about  the  existence  ot  any  Merope  nebula  at  all.  In 
1882  Professor  Barnard  of  Yerkes  Observatory,  then  at  Nash- 
ville, Tenn  ,  observed  the  nebula  and  made  a  drawing  of  it,  which 
was  published  in  the  May  number  of  the  Sidereal  Messenger. 
That  drawing  was  then  and  is  now  correct  for  the  brighter  part 
of  the  nebula.  But  the  things  we  now  get  by  photography  have 
so  grandly  surpassed  all  visual  work,  that  it  is  no  wonder  that 
astronomers  are  enthusiastic  over  the  new  and  later  methods  of 
study. 

We  very  much  wish  to  bring  to  the  attention  of  all  engaged  in 
instruction  in  the  elements  of  astronomy  the  great  advantage  of 
having  good  large  scale  photographs  as  a  means  of  illastration. 
We  have  recently  sent  out  about  fifty  of  these  pictures  to  those 
ordering  them,  and  it  is  a  pleasure  to  us  to  know  that  in  all  cases 
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the  teachers  receiving  them  have  been  very  free  in  their  words  of 
comaiendation  and  satisfaction.  Putting  the  price  of  these  large 
astronomical  pictures  at  75  cents  each,  bar«l;  covers  the  cost,  so 
the  undertaking  is  certainly  not  renumerative  to  as. 

We  have  just  recdved  from  Dr.  William  Huggins  and  Lady 
Huggins  of  London,  England,  the  finest  volumes  of  spectroscopic 
work  we  have  ever  seen  in  print.  It  is  their  own  work  for  years 
past,  and  it  is  most  beautifully  and  perfectly  executed,  in  repre- 
senting spectra  of  celestial  objects  by  the  aid  of  photography. 
If  we  may  get  permission  to  reproduce  some  of  these  spectra  in 
this  publication,  we  will  further  tell  our  readers  what  may  be 
done  by  photography  on  a  large  scale  to  illustrate  the  work  of 
the  spectroscope  for  the  purpose  of  aid  in  instruction. 


PHOTOGRAPHING  THB  CORONA. 

w.  b  pbathbrstonb. 
Fob  Populab  Astbonouy. 

One  of  the  greatest  obstacles  to  obtaining  satisfactory  photo- 
graphs of  a  solar  eclipse  is  the  uneven  brightness  of  the  corona. 
The  parts  near  the  Sun  are  so  much  brighter  than  the  outlying 
streamers,  that  when  the  latter  have  been  given  sufficient  expos- 
ure, the  central  portion  of  the  plate  has  lost  all  detail  from  over- 
timing. The  reverse  is  also  true,  so  that  a  plate  exposed  for  the 
inner  corona  and  prominences  showsbut  a  trace  of  the  outer  cor- 
ona and  none  of  the  fainter  detail. 

Some  very  good  negatives  have  been  made  by  the  use  of  non- 
halation  plates,  and  by  manipulating  the  plate  during  develop- 
ment, but  it  would,  of  course,  be  much  better  if  the  entire  plate 
could  be  normally  exposed  at  the  start. 

The  following  simple  device  comes  very  near  making  this  possi- 
ble, and  can  be  used  with  a  telescope  or  camera  of  any  size. 

Theoretically  it  does  not  provide  for  a  perfectly  even  exposure, 
as  does  Mr.  Burckhalter's  apparatus,  but  it  does  so  approxi- 
mately, and  this  is  all  that  can  be  accomplished  with  any  device 
of  the  kind  until  the  relative  brightness  of  the  corona  at  different 
distances  from  the  Sun  has  been  more  accurately  determined. 

In  the  diagram  LL'  is  the  objective,  PP'  the  sensitive  plate  and 
Mthe  center  of  the  Moon's  image.  The  points  BB' are  distant 
two  lunar  radii  from  the  Moon's  limb, 

Snpposea  circular  disc  DZ)*,  be  supported  in  the  position  shown, 
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and  that  its  diameter  be  such  that  it  just  occults  the  lens  when 
viewed  from  Af. 

Now  gradually  move  the  eye 
from  M  toward  the  edge  of  the 
field.  The  illumination  increases 
as  more  of  the  lens  becomes  vis- 
ible, until  at  BB'  the  plate  is  ex- 
posed to  the  foil  aperture.  Out- 
side of  this  point  the  corona  is 
so  faint  that  there  is  no  danger 
of  overexposure. 

When  the  disc  is  in  the  position 
DD',  the  prominences  and  the 
corona  near  the  Moon's  limb 
will  be  photographed  by  less 
than  one-half  of  their  normal 
light,  while  the  plate  at  BB'  and 
beyond,  is  exposed  to  the  full 
aperture  of  the  lens.  (Curve  X', 
Fig.  3). 
If  Z)D' be  moved  toward  Af,  the  limb  of  the  Moon  will  receive 
less  illumination,  while  the  normally -lighted  area  will  extend  in- 
side of  BB'  and  the  light  will  be  cut  off  less  gradually  (Curve  X', 
Fig.  3),  while  the  reverse  will  occur  if  the  disc  be  moved  toward 
the  lens.     (Curve  JT")- 

A  second  disc  in  the  position  EE',  Fig,  2,  would  cause  the  par- 
tially lighted  region  to  extend  into  the  outer  corona  {CC),  and 
would  also  modify  the  light-gradient  for  the  inner  corona,  while 
the  prominences  would  receive  the  same  light  as  before.  (Curve 
y,  Fig,  3).  If,  however,  it  should  be  placed  between  PD'and  the 
sensitive  plate,  it  would  serve  to  cut  off  still  more  light  from  the 
region  of  the  Moon's  limb,  (Curve  Y),  and  if  it  be  desired  to  se- 
cure photographs  before  or  after  totality,  a  disc  in  the  position 
Ff"  would  effectually  shield  the  plate  from  the  intense  light  of  the 
photosphere.     (Curve  F"). 

These  discs  may  be  mounted  on  a  rod  coincident  with  the  optic 
axis  of  the  camera  and  so  arranged  as  to  be  readily  adjusted  from 
the  outside.  The  rod  should  be  supported  at  the  end  nearest  the 
objective,  so  that  its  supports  will  not  affect  the  iniage  on  the 
plate. 

Instead  of  the  round  discs,  a  disc  with  se'rrated  edges  could,  of 
course,  be  used,  the  size  and  shape  of  the  notches  corresponding 
to  the  estimated  brightness  of  the  corona  at  different  distances 
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fromtbe  Sun.butin  practice  it  will  be  found  thattbediscs  must  be 
placed  so  close  to  the  plate  for  the  best  results,  that  a  stationary 
disc  of  any  shape  other  than  round  will  be  sure  to  leave  its  silhou- 
ette in  the  picture. 

Moreover,  by  using  two  or  three  circular  discs,  almost  any  gra- 
dation of  light  can  be  produced.  The  diameter  of  the  discs  and 
their  relative  positions  will  depend  onthedimensionsof  the  came- 
ra, but  the  diameter  will  usually  be  between  ^jc  and  ^^  or  1V4  to 


40 


'60" 


2  times  the  diameter  of  the  Moou's  image,  and  the  fundamental 
position  DD'  can  be  determined  by  placing  the  eye  in  the  center 
of  the  field,  when  the  disc  should  just  occult  the  objective. 

Another  arrangement,  described  below,  is  to  be  preferred  for 
several  reasons.  It  not  only  limits  the  light  from  the  brighter 
portion  of  the  corona,  but  can  also  be  made  to  act  as  a  shutter, 
giving  a  graduated  exposure  to  suit  almost  any  condition. 

The  disc  (GC,  Fig.  4.),  which 
is  a  trifle  larger  than  the  lens,  is 
kept  just  outsideof  it,  thus  dark- 
ening the  camera,  until  the  plate 
is  ready  for  exposure.  It  is  then 
to  be  gradually  moved  to  the 
position  shown  in  the  figure.  As 
it  recedes  from  the  lens,  6rst  the 
outer  corona,  then  the  inner  cor- 
ona and  prominences  come  into 
view,  the  relative  amount  of  light 
from  each  depending  upon  the 
position  of  the  disc  and  also  upon 
the  rate  of  speed  with  which  it 
is  moved  to  and  from  its  posi- 
tion. 

The  disc  should  be  mounted 
centrallyon  a  rod  (ff.  Fig.  5), co- 
incident with  the  optic  axis  of 
the  objective,  and  this  rod  may 
be  supported  by  a  double  tripod 
arranged  to  fit  over  the  lens-cell 
or  telescope  tube,  {TT,  Fig.  5). 
The  occulting  disc  should  then 
have  the  form  of  a  conical  shell 
(HH')  to  admit  of  its  fitting  closely  over  tbe  objective. 

With  the  disc  in  the  position  GG',  Fig.  4,  the  relative  amount  of 
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light  reaching  any  part  of  the  sensitive  plate, is  roughly  indicated 
by  the  curve  Z,  Fig.  6,  where  Pi^  represents  the  plate,  M  the 
Moon's  image,  and  MN  the  height  of  the  curve  should  all  of  the 
light  reach  the  plate. 

With  the  disc  at  HH',  the  curve  would  be  somewhat  steeper 
(2'),  while  it  becomes  much  flatter  as  the  disc  is  moved  toward 
the  lens  (Z").  If  a  more  rapid  increase  of  light  toward  the  outer 
corona  is  desired,  the  disc  may  be  moved  farther  still  from  the 
lens  and  the  light  curve  will  approximate  Z'". 

Other  modifications  of  the  light  curve  can  be  produced  by  mov- 
ing the  disc  back  and  forth  at  a  variable  speed  or  by  changing  its 
position  several  times  during  the  same  exposure.  The  edges  of 
the  occulting  disc  may  also  be  notched  or  serrated,  but  in  that 
event  it  must  either  be  revolved  during  exposure  or  kept  quite 
close  to  the  lens;  otherwise  its  outline  will  appear  on  the 
negative. 

For  every  short  exposure  the  movements  of  the  disc  may  be  ac- 
tuated  bya  spring  and  bulb  release,  arranged  similar  to  the  ordi- 
nary pneumatic  shutter. 

Chicago,  III., 
March  20th,  1900. 


MIGHT  A  COMET  STRIKE  THE  EARTH. 


REV.  PRBDBRtCK   CAMPBELL. 


Fob  PopuLiR 

What  a  comet  is  and  whence  it  comes  are  questions  still  wait- 
ing to  be  answered.  This  seems  the  more  w^ondcrful  when  we 
consider  that  stars,  which  exhibit  but  mere  points  of  light,  are 
fairly  understood,  while  a  comet  stretching  its  magnificent  tail 
from  zenith  to  horizon  still  presents  an  enigma.  That  the  most 
conspicuous  part  of  a  comet  is  the  less  substantial  part  is  accept- 
ed as  true;  the  bright  head,  however,  may  enclose  solid  matter, 
as  solid  as  the  globe  of  a  planet.  And  this  suggests  the  query, 
what  might  happen  if  a  comet  should  stike  the  earth: 

Is  a  collision  between  a  comet  and  the  earth  possible?  There 
is  no  reason  to  doubt  it.  The  planets  move  in  concentric  orbits 
about  the  Sun,  their  speed  imparting  to  them  a  centrifugal  force 
which  keeps  them  away  from  the  Sun  and  from  each  other,  while 
the  Sun's  attraction  on  the  other  hand  prevents  their  slipping 
away  into  the  space  and  thus  crossing  each  other's  paths ;  hence 
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we  are  safe  from  collision  with  the  planets.  The  Moon,  too,  is 
always  kept  at  the  safe  distance  of  about  240,000  miles;  hence 
she  does  not  threaten  our  globe.  But  comet'sare  strangers.  They 
come  from  outside  the  solar  system.  They  are  here  on  a  visit  and 
do  not  know  the  ways  of  the  family.  And  their  path  is  very  dif- 
ferent from  those  followed  by  the  planets.  If  it  be  in  the  same 
plane  with  the  planets,  instead  of  its  being  a  great  and  nearly 
even  circle  about  the  Sun,  it  appears  first  as  almost  a  straight 
line  toward  the  Sun,  bending  more  and  more  rapidly  about  that 
body,  howe*er,  until  the  direction  has  been  reversed  ;  and  now, 
following  a  similar  path,  the  comet  hastens  away  to  more  or  less 
nearly  the  same  region  of  the  heavens  from  which  it  came,  and 
so,  having  left  the  solar  system,  disappears  from  view.  In  mak- 
ing this  journey  the  comet  has  crossed  the  orbits  or  paths  of  all 
the  planets.  It  has  not  stopped  to  see  whether  the  planets  were 
due  at  the  crossing  points  at  the  time  when  itself  was  coming. 
There  are  no  signals  to  prevent  both  trains  from  trying  to  cross 
at  the  same  moment,  and  if  they  do,  something  will  happen.  If 
the  planet  in  question  bethe  Earth,  the  Garth  will  in  such  a  case 
be  struck. 

But  if  a  comet  struck  the  Earth,  then  what?  Even  if  a  comet's 
head  be  solid,  it  is  not  large,  and  there  being  twice  as  niuch  water 
as  land  on  our  globe,  the  probabilities  would  be  two  to  one  that 
the  comet  would  be  lost  in  the  bosom  of  the  ocean.  There  being 
also  vast  stretches  of  uninhabited  land,  the  probabilities  greatly 
increase  that  the  part  of  the  Earth  struck  by  the  comet  would 
be  without  population.  Besides  this,  if  the  comet  should  strike 
where  man  dwells,  the  catastrophe  would  probably  be  only  a 
local  one,  like  that  produced  by  an  earthquake  or  a  cyclone. 

The  next  thing  to  give  assurance  is  that  the  Earth  is  surround- 
ed by  a  buffer  in  the  form  of  an  atmosphere,  which  reaches  proba- 
bly two  hundred  miles  or  more  in  every  direction  into  space.  If 
any  foreign  body  be  making  for  the  Earth,  it  must  6r8t  pass 
through  this  and  be  retarded  by  it.  The  heat  generated  by  this 
concussion  with  our  atmosphere  consumes  most  of  our  meteors, 
so  that  they  are  turned  into  gas  and  seldom  reach  the  ground  in 
solid  form.  Even  in  the  immensely  cold  spaces  of  the  heavens, 
while  still  many  millions  of  miles  from  the  Sun,  as  they  approach 
that  central  body,  its  slight  beat  vaporizes  comets  so  as  to  gen- 
erate what  we  call  their  "tails,"  This  demonstrates  how  readily 
theyareturned  into  thin  gas, and  suggests  howthevastlygreater 
heat  developed  byconcussion  with  the  Earth's  atmosphere  might 
speedily  consume  them  in  their  very  act  of  endeavoring  to  impinge 
upon  the  Earth. 
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Now,  it  is  known  that  when  a  comet  enters  our  solar  system  it 
is  not  making  for  a  planet, but  for  the  Sun.  The  Sun  is  the  center 
of  attraction  for  a  visiting  comet  as  well  as  for  the  various  plan- 
ets. A  comet  may  indeed  come  rroai  any  possible  direction,  and 
thus  not  cross  any  of  the  orbits  of  the  planets;  but  supposing 
it  to  cross  the  orbit  of  the  Earth,  as  it  might;  that  orbit  is 
likearace  track,  about  560,000,000  miles  around,  which  distance 
the  Earth  travels  in  one  year.  The  Earth  is  flying  overthiscourse 
at  the  rate  of  1,100  miles  per  minute.  Let  any  one  compute  what 
are  the  probabilities  of  its  being  struck  by  a  single  body,  moving 
with  perhaps  equal  speed,  which  chances  to  cross  its  track.  The 
Earth  is  but  a  speck  of  matter,  vtrhile  the  nucleus  of  a  comet  is 
mDch  smaller.  Two  boys  throwing  balls  ateach  other  might  bet- 
ter expect  that  the  balls  would  meet  in  the  air;  yet,  what  boys 
have  the  skill  to  bring  this  to  pass?  As  Professor  Newcombsays, 
firing  aguo  at  random  in  the  air  might  better  be  expected  to  bring 
down  a  bird  than  that  it  should  be  feared  that  a  comet  would 
ever  strike  the  Earth. 

The  improbability  of  collision  is  the  greater  in  view  of  the  fact 
that  comets,  which  make  for  the  Sun,  sncceed  in  getting  away 
again  without  a  collision.  We  have  bad  comets  nearer  the  Sun 
than  the  nearest  ofall  the  planets,  and  yet  they  have  harmlessly 
swung  about  that  body  and  fled  back  into  space.  How  much 
less,  then,  can  they  be  expected  to  impinge  upon  the  Earth. 
The  Earth  itself  periodically  draws  many  thousands  of  miles 
nearer  the  Sun,  but  as  surely  withdraws  into  space  once  more, 
and  always  unharmed.  God  hasendowedtheheavenly  bodies  with 
a  momentum  which,  while  it  sometimes  a'ppears  threatening,  is 
really  their  safety.  The  nearer  a  comet  approaches  the  Son,  it  is 
hurried  more  and  more  rapidly  so  that  it  is  less  and  less  possible 
for  the  Earth's  attraction  so  to  deflect  it  from  its  coarse  as  to 
produce  a  collision.  Had  we  no  atmosphere  to  retard  its  move- 
ment,acannon  ball  fired  at  a  speed  of  seven  miles  asecond  would 
keep  up  a  perpetual  orbit  about  the  Earth,  Perrine's  comet  in 
1896  was  estimated  to  be  approaching  at  the  rate  of  1,600,000 
a  day,  which  is  about  eighteen  miles  a  second — more  than  twice 
as  great  as  necessary  to  ensure  that  a  cannon  ball  will  not  touch 
the  ground.  What  probability,  therefore,  that  the  more  swiftly 
coursing  comet  will  strike  the  Earth  ? 

The  probability  of  collision  with  the  comet's  head  is  small,  be- 
cause the  hefid  itself  is  small.  The  tail  presents  a  far  larger  de- 
gree of  probability  of  collision.  Bat  so  thin  is  the  matter  making 
ap  the  tail  that  the  faintest  stars  can  be  seen  through  a  million 
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inilesofit.  Thisis  evidently  generated  like  steam  from  the  comet's 
head.  But  there  is  more  danger  in  a  amoky  day  in  the  manufac- 
turing districts  of  Chicago  and  Pittsburg  than  there  is  in  passing 
through  the  tail  of  a  comet.  Of  the  lost  Biela's  comet.  Professor 
Newcomb  says:  "It  had  seemingly  vanished,  not  into  thin  air, 
but  into  something  of  a  tenuity  compared  with  which  the  thin- 
nest  air  was  as  a  solid  millstone."  He  also  declares  that  "the 
amount  of  matter  really  necessary  to  make  the  most  splendid  tail 
is  so  extremely  small  that  a  comet  might  lose  it  a  hundred  times 
over  without  becoming  perceptibly  smaller."  As  a  matter  of 
fact,  the  Earth  has  probably  a  number  of  times  passed  through  a 
comet's  tail,  as  in  1861,  when  the  only  visible  effect  was  a  singu- 
lar phosphorescent  mist. 

Beyond  and  above  all  these  considerations,  we  may  well  assure 
ourselves  that,  while  we  are  under  a  reign  of  law,  all  laws  are 
God's,  and  no  law  supersedes  His  sovereign  will.  No  student  of 
either  the  Bible  or  history  can  believe  for  one  moment  that  the 
world's  and  man's  existence  in  this  world  are  without  a  plan. 
Nor  can  any  careful  observer  believe  for  one  moment  that  that 
plan  has  yet  been  fulfilled,  so  far  as  the  human  race  is  concerned. 
God  will  hold  things  in  place  till  the  Earth  is  redeemed.  When 
the  end  comes,  it  will  be  within  His  power,  if  He  so  choose,  to 
produce  all  its  startling  conditions  by  the  simple  effacing  of  a  sin- 
gle law,  na,mely,  that  of  centrifugal  force;  this  is  what  keeps  all 
the  worlds  safely  apart.  If  this  law  were  suspended,  gravity 
would  have  full  sway,  and  all  the  worlds  Cvould  rush  together  in 
a  series  of  awful  concussions  which  would  literallyfulhll  the  Word 
which  says,  "The  heavens  shall  pass  away  with  a  great  noise, 
and  the  elements  shall  melt  with  fervent  heat;  the  Earth  also, 
and  the  works  that  arc  therein  shall  be  burned  np."  Happy  are 
we  if,  in  the  midst  of  all  the  possibilities  and  certainties  of  the  uni- 
verse  in  which  we  dwell,  we  can  say,  "Nevertheless,  we, according 
to  His  promise,  look  for  new  heavens  and  a  new  Earth,  wherein 
dwelleth  righteousness." 

Brooklyn,  N.  Y.,  428^2  Clinton  Street. 


THE  MOON  HOAX. 

S.  A.  MITCHELL. 


Po>  PapULiR  A 

Throughout  all  ages  of  the  world's  history,  there  has  been  a 
tendency  in  the  human  mind  to  grasp  after  the  new,  the  sensa- 
tional  and  the  mysterious;  and  to  foster  this  inclination,  there 
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have  always  been  plenty  of  men  ready  and  Tvilling  to  devote  their 
time  to  the  making  of  so-called  new  and  wonderful  discoveries. 

Astronomy,  the  most  ancient  of  all  the  sciences,  has  been  singu- 
larly free  from  attempts  to  pander  to  this  craving  on  the  part  of 
man.  The  human  mind,  as  a  rule,  has  regarded  reverently  the 
discoveries  in  astronomy,  but  some  instances  of  sensationalism 
have  crept  even  into  this  grand  old  science. 

While  looking  through  the  Struve  library,  which  was  obtained 
by  Columbia  University  not  long  since,  I  ran  across  a  pamphlet 
which  is  thoroughly  interesting,  although  the  matter  contained 
is  extremely  surprising.  This  is  the  celebrated  "Moon  Hoax." 
This  work  obtained  a  great  notoriety  about  the  middle  of  the 
century,  and  in  the  hopethatitmaystill  be  interesting  to  astrono- 
mers, these  few  pages  are  written. 

Early  telescopic  observations  of  the  moon  were  conducted  with 
the  confident  espe.:tation  that  the  moon  would  be  found  to  be 
an  inhabited  world,  and  that  much  would  soon  be  learned  of  the 
manners  and  appearance  of  the  Lunarians.  With  each  increase 
of  telescopic  power  a  new  examination  was  made,  and  it  was 
only  when  the  elder  Herschel's  great  reflector  failed  to  show  any 
inhabitants  on  the  face  of  the  moon,  that  men  began  to  look  in 
doubt  and  think  that  perhaps  the  examination  was  hopeless. 
Herschel,  himself,  seemed  to  be  of  the  opinion  that  the  moon  was 
inhabited, for,  after  describing  the  relations,  physical  and  season- 
al, that  prevailed  on  the  surface  of  the  moon,  he  adds:  "There 
only  seems  wanting,  in  order  to  complete  the  analogy,  that  it 
should  be  inhabited  like  our  earth." 

When  Sir  John  Herschel  carried  his  giant  reflector  to  the  Cape 
of  Good  Hope,  the  hope  was  renewed  that  he  might  be  able  to 
tell  as  something  about  the  inhabitants  of  the  moon.  In  fact,  so 
confidently  was  this  hope  entertained,  that  when  the  "Moon 
Hoax"  appeared  about  this  time,  purporting  to  be  "Great  As- 
tronomical  Discoveries,  lately  made  by  Sir  John  Herschel,  LL.  C, 
F.  R,  S.,  &c  ,  at  the  Cape  of  Good  Hope,"  there  were  many 
people  who  took  every  word  of  these  wonderful  discoveries  in 
good  faith,  and  were  firmly  convinced  that  the  moon  was  inhab- 
ited. 

The  full  title  of  this  extraordinarj'  little  pamphlet  is:  "The 
Moon  Hoax ;  or,  The  Discovery  that  the  Moon  has  a  Vast  Popu- 
lation of  Human  Beings,  by  Richard  ^dams  Locke."  New  York, 
1859.  The  publisher  tells  us  that  it  was  first  published  in  the 
"New  York  Sun  "in  August  and  September  1835,  and  that  the 
interest  in  the  discovery  was  so  intense  that  the  circulation  of  the 
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paper  augmented  five  fold,  and  these  articles,  in  fact,  were  the 
means  of  giving  the  journal  a  permanent  footing  as  a  daily  news- 
paper. "Nor  did  this  multiplied  circulation  of  the  paper  satisfy 
the  public  appetite.  The  proprietors  of  the  jonmal  had  an  edi- 
tion of  60,000  published  in  pamphlet  form,  which  was  sold  o£Fin 
less  than  a  month." 

It  seems  best  to  let  this  unique  little  book  tell  its  story  as  near- 
ly as  possible  in  its  uwa  language.  Tbe  author,  Locke,  tells  us 
that  he  is  "indebted  to  Dr.  Andrew  Grant  for  the  almost  exclusive 
information  concerning  tbe  facts."  Dr.  Grant  was  the  "pupil  of 
the  elder,  and  for  several  years  past,  the  inseparable  coadjutor  of 
the  younger  Herschel,  the  amanuensis  of  the  latter  at  the  Cape 
of  Good  Hope,  and  the  indefatigable  superintcndant  of  his  tele- 
scopeduring  thewhole  period  of  its  construction  and  operation." 

The  story  is  told,  in  part,  as  follows: 

"We  are  assured  that  when  the  immortal  philosopher  to  whom 
mankind  is  indebted  for  the  thrilling  wonders  now  first  made 
known, had  atlength  adjusted  hisnewand  stupendous  apparatus' 
with  a  certainty  of  success,  he  solemnly  paused  several  hours  be- 
fore hecommenced  hisobservations,thathemight prepare hisown 
mind  for  discoveries  which  he  knew  would  fill  the  minds  of  my- 
riads of  bis  fellow-men  with  astonishment,  and  secure  his  name  a 
brigbtjif  not  transcendant  conjunction  with  thatof  bis  venerable 
father,  to  all  posterity.  And  well  might  he  pause!  From  the 
hour  the  first  human  pair  opened  their  eyes  to  the  glories  of  the 
blue  firmament  above  them,  there  has  been  no  accession  to  human 
knowledge  at  all  comparable  in  sublime  interest  to  that  which 
he  has  been  the  honored  agent  in  supplying.  Well  might  he 
pause!  He  was  about  to  crown  himself  with  a  diadem  of  knowl- 
edge which  would  give  him  a  conscious  pre-eminence  above  every 
individual  of  his  species  who  then  lived, or  had  lived  in  the  genera- 
tions that  are  passed  away.  He  paused  ere  be  broke  the  seal  of 
the  casket  which  contained  it.  To  render  our  enthusiasm  intelligi- 
ble, we  will  state  at  once  that  by  means  of  a  telescope  of  vast  di- 
mensions, and  an  entirely  new  principle,  the  younger  Herschel,  at 
his  Observatory  in  the  Southern  Hemisphere  has  already  made  the 
most  extraordinary  discoveries  in  every  planet  of  our  solar  sys- 
tem ;  has  discovered  planets  in  other  solar  systems ;  has  obtained 
a  distinct  view  of  objects  in  tbe  moon,  full;  equal  to  that  which 
the  unaided  eye  commands  of  terrestrial  objects  at  a  distance  of 
a  hundred  yards;  and  has  affirmatively  settled  the  question 
whether  this  satellite  be  inhabited. 

The  elder  Herschel,  several  years  before  his  death,  conceived  it 
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practicableto  construct  an  improved  series  of  parabolic  and  spher- 
ical reflectors,  which,  unite  all  the  meritorious  points  in  the  Greg- 
man  and  Newtonian  instruments,  with  the  highly  interesting 
achromatic  discovery  of  Dollond.  His  plan  evinced  the  most  pro- 
found research  in  optical  science,  and  the  most  dextrous  ingenui- 
ty in  mechanical  contrivance ;  but  accumulating  infirmaties,  and 
eventually  death,  prevented  its  experimental  application.  His 
son,  Sir  John  Herschel,  was  so  fully  convinced  of  the  value  of  the 
theory,  that  he  determined  upon  testing  it  at  whatever  cost. 
Within  two  years  of  his  father's  death  he  completed  his  new  ap- 
paratus, and  adapted  it  to  his  father's  telescope.  He  found  that 
the  magnifying  power  of  6,000  times,  when  applied  to  tbe  moon, 
which  was  the  severestcritenun  that  could  be  accepted,  produced, 
under  these  new  reflectors  a  focal  object  of  exquisite  distinctness, 
free  from  every  achromatic  obscurity,  and  containing  the  highest 
degree  of  light  which  the  great  speculum  could  collect  from  that 
luminary.  Yet  the  advance  he  had  made  in  the  knowledge  of  this 
planet,  though  magnificent  and  sublime,  was  thus  but  partial  and 
unsatisfactory.  A  law  of  nature,  and  the  6nitude  of  human  skill, 
seemed  united  in  inflexible  opposition  to  any  further  improvement 
in  telescopic  science,  as  applicable  to  the  known  planets  and 
satellites  of  the  solar  system, forunless  the  sun  could  be  prevailed 
apon  to  extend  a  more  liberal  allowance  of  light  to  these  bodies, 
and  they  be  induced  to  transfer  it  for  the  generous  gratification 
of  oar  curiosity,  what  adequate  substitute  could  be  obtained? 
Telescopes  do  not  create  light,  they  cannot  even  transmit  unim- 
paired that  which  they  receive.  That  anything  further  could  be 
derived  from  human  skill  in  the  construction  of  instruments,  the 
labors  of  his  illustrious  predecessors,  and  his  own,  left  the  son  of 
Herschel  no  reason  to  hope. 

The  limits  of  discovery  in  the  planetary  bodies,  and  in  this  one 
especially,  thus  seemed  to  be  immutably  fixed.  But  about  three 
years  ago,  in  the  courseof  a  conversational  discussion  with  Sir 
David  Brewster  on  the  invincible  enemy  of  powerful  magnifiers, 
the  paucity  of  light.  Sir  John  diffidentlyinquired  whether  it  would 
not  be  possible  to  effect  a  transfusion  oi  a.rti6cial  light  through 
the  focal  object  of  vision!  Sir  David,  somewhat  startled  at  the 
originality  of  the  idea,  paused  awhile,  and  then  hesitatingly  re- 
ferred  to  the  refrangibility  of  rays,  and  the  angle  of  incidence. 
Sir  John,  grown  more  confident,  adduced  the  example  of  the 
Newtonian  reflector,  in  which  the  refrangibility  was  corrected  by 
the  second  speculum,  and  the  angle  of  incidence  restored  by 
the  third.    "And,"  continued  he,  "why  cannot  the  illuminated 
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microscope,  say  the  hjdro-ozjrgen,  be  aifplted  to  render  distinct, 
and,  if  necessary,  even  to  magnify  the  focal  object?"  Sir  David 
sprang  from  his  chair  in  an  ecstacy  of  conviction,  and  leaping 
half-way  to  the  ceihng  exclaimed,  "Tboa  art  the  man!"  Each 
philosopher  anticipated  the  other  in  presenting  the  prompt  illus- 
tration that,  if  the  rays  of  the  hydro-oxygen  microscope  passed 
tbroagh  a  drop  of  water  containing  the  larvee  of  a  gnat  and 
other  objects  invisible  to  the  naked  eye,  rendered  them  not  only 
keenly  but  firmly  magnified  to  dimensions  of  many  feet ;  so  could 
the  same  artificial  light,  passed  through  the  faintest  focal  image 
of  a  telescope,  both  distinctify  [to  coin  a  new  word  for  an  extra- 
ordinary occasion],  and  magnify  its  feeblest  members.  The  only 
desideratum  was  a  recipient  for  the  focal  image  which  should 
transfer  it;  without  refranging  it,  to  the  surface  on  which  it  was 
to  be  viewed  under  the  revivifying  effect  of  the  microscopic  reflec- 
tors. In  the  various  experiments  made  in  the  few  following  weeks, 
the  co-operative  philosophersdecided  that  a  medium  of  the  purest 
plate  glass  was  the  most  eligible  they  could  discover.  It  answered 
perfectly  with  a  telescope  which  magnified  100  times,  and  a  mi- 
croscope of  about  thrice  that  power. 

Sir  John  Herschel  then  conceived  the  stupendous  fabric  of  his 
present  telescope.  The  power  of  his  father's  instrument  would 
still  leave  him  distant  from  his  favorite  planet  nearly  forty  miles, 
and  he  resolved  to  attempt  a  greater  magnifier.  Sir  John  had 
submitted  bis  plans  and  calculations  in  adaptation  to  an  object 
glass  of  twenty-four  feet  in  diameter;  just  six  times  the  size  of  his 
venerable  father's.  For  casting  this  ponderous  mass,  he  selected 
the  large  glass  house  of  Messrs.  Hartly  &  Grant  (the  brother  of 
our  invaluable  friend,  Dr.  Grant),  at  Dumbarton.  The  material 
chosen  was  an  amalgamation  of  two  parts  of  the  best  crown 
with  one  of  flint  glass,  the  use  of  which,  in  separate  lenses,  consti- 
tuted the  great  achromatic  discovery  of  Dollond.  It  had  been 
found,  however,  by  accurate  experiments,  that  the  amalgam 
would  as  completely  triumph  over  every  impediment,  both  from 
refrangibility  and  discoloration,  as  the  separate  lenses.  Five  fur- 
naces of  metal,  carefully  collected  from  productions  of  the  manu- 
factory, in  both  kinds  of  glass,  and  known  to  be  respectively  of 
nearly  perfect  homogeneous  quality,  were  united  by  one  grand 
conductor  to  the  mould ;  and  on  the  third  of  January,  ]833,  the 
first  cast  was  effected.  After  cooling  eight  days  the  mould  was 
opened,  and  the  glass  found  to  be  greatly  flawed  within  eighteen 
inches  of  the  center.  Notwithstanding  this  failure,  a  new  glass 
was  more  carefully  cast  on  the  twenty-seventh  of  thesame  month. 
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which  on  being  opened  during  the  firat  week  in  February,  was 
foand  to  be  immacalately  perfect,  with  the  exception  of  two  slight 
flaws  so  near  the  line  of  its  circnmference  that  they  could  be  cov- 
ered by  the  copper  ring  in  which  it  was  desired  to  be  enclosed. 

The  weight  of  this  prodigious  lens  was  14,826  pounds,  or  near- 
ly seven  tons,  after  being  polished ;  and  its  estimated  magnifying 
power  was  42,000  times.  It  was  therefore  presumed  to  represent 
objects  on  our  lunar  surface  a  little  more  than  eighteen  inches  in 
diameter,  provided  its  focal  image  of  them  conld  be  rendered  dis- 
tinct by  the  transfusion  of  artificial  light.  It  was  not,  however, 
upon  the  mere  illuminating  power  of  the  hydro-oxygen  micro- 
scope, as  applied  to  thefocal  pictures  of  this  lens,  thatthe  younger 
Herscbel  depended  for  the  realization  of  his  ambitious  theories 
and  hopes.  Hecalculated  largely  upon  the  almost  illimitable  ap- 
plicability of  this  instrument  as  a  second  magnifier,  which  would 
supersede  the  use  and  infinitely  transcend  the  powers  of  the  high- 
est magnifiers  in  reflecting  telescopes. 

So  sanguinely  did  he  calculate  upon  the  advantages  of  this 
splendid  alliance,  that  he  expressed  confidence  in  his  ultimate 
ability  to  stndyeven  the  entomology  of  the  moon  in  case  she  con- 
tained insects  upon  her  surface ! 

Having  witnessed  the  completion  of  this  great  lens,  his  next 
care  was  to  construct  a  suitable  microscope,  and  the  mechanical 
frame-w/ork  for  the  horizontal  and  vertical  action  of  the  whole. 
His  plans  in  every  branch  of  his  undertaking  having  been  intense- 
ly studied,  even  to  their  minutest  details,  were  easily  and  rapidly 
executed.  He  awaited  only  the  appointed  period  at  which  hewas 
to  convey  his  magnificent  apparatus  to  its  destination,  the  Cape 
of  Good  Hope. 

The  ground  plan  for  the  mounting  is  in  some  respects  similar  to 
that  oJ  the  Herschel  telescope  in  England.  The  observatory  is  a 
wooden  building  fifty  feet  square  and  as  many  high,  with  a  flat 
roof.  This  is  brought  by  means  of  parallel  circles  of  railroad  iron 
to  the  required  position  with  respect  to  the  lens.  •  •  •  •  The 
lens,  which  is  inclosed  in  a  frame  of  wood,  and  braced  to  its  cor- 
ners by  bars  of  copper,  is  suspended  upon  an  axis  between  two 
pillars  which  are  nearly  as  high  as  those  which  supported  the 
celebrated  quadrant  of  Uleg  Beg,  being  one  hundred  and  fifty  feet. 
Between  the  pillars  is  a  double  capstan  for  hoisting  the  lens  Irom 
its  horizontal  linetotbe  height  required  byits  focal  distancewhen 
turned  to  the  meridian,  and  for  elevating  it  to  any  intermediate 
degree  of  altitude  that  may  be  needed.  Having  no  tube,  it  is  con- 
nected with  the  observatory  by  two  horizontal  levers,  which  pass 
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beneath  the  floor  of  the  building  from  the  circular  base  of  the  pil- 
lars. "  •  •  "  The  field  of  view,  therefore,  whether  exhibited 
on  the  floor  or  on  the  wall  of  the  apartment,  has  a  diameter  of 
nearly  fifty  feet,  and  being  circular  it  has  an  area  of  1875  feet. 

It  was  about  half-past  nine  on  the  night  of  January  10th,  the 
moon  having  advanced  within  four  days  of  her  mean  libration, 
that  the  astronomer  adjusted  bis  instruments  for  the  inspection 
of  her  eastern  limb.  The  whole  immense  power  of  the  telescope 
was  applied,  and  to  its  focal  image  about  one-half  the  power  of 
the  microscope.  We  gazed  upon  the  shores  of  the  Mare  Nubium 
of  Riccoli ;  but  why  he  so  termed  it,  unless  in  ridicule  of  Cleome- 
des,  I  know  not,  lor  fairer  shores  never  angels  coasted  on  a  tour 
of  pleasure.  A  beach  of  brilliant  whitesand,girt  with  wild  castel~ 
lated  rocks,  apparently  of  green  marble,  varied  by  chasms  occur- 
ing  every  two  or  three  hundred  feet,  with  grotesque  blocks  of 
chalk  or  gypsum,  and  feathered  or  festooned  at  the  summit  with 
the  clustering  foliage  of  unknown  trees,  moved  along  the  bright 
wall  of  our  apartment  until  we  were  speechless  with  admiration. 
The  water,  wherever  we  had  a  view  of  it,  was  nearly  as  blue  as 
that  of  the  deep  ocean,  and  broke  in  large  white  billows  upon  the 
strand.  Our  panting  hopes  were  soon  to  be  blest  with  specimens 
of  conscious  existence,  for,  beneath  the  shade  of  the  luxurious 
trees  we.beheld  our  first  animal.  Tt  was  of  a  bluish  color,  about 
the  size  of  a  goat,  with  a  head  and  beard  like  him,  and  a  single 
horn,  slightly  inclined  forward  from  the  perpendicular.  The  fe- 
male was  destitute  of  the  horn  and  beard,  but  had  a  much  longer 
tail.  It  was  gregarious  and  chiefiy  abounded  on  the  acclivitous 
glades  of  the  woods.  In  elegance  of  symmetry  it  rivaled  the  an- 
telope, and  like  him  it  seemed  an  agile  sprightly  creature,  running 
with  great  speed,  and  springing  from  the  green  turf  with  all  the 
unaccountable  antics  of  a  young  lamb  or  kitten.  This  beau- 
tiful animal  afforded  us  most  excellent  amusement.  Frequently, 
when  attempting  to  put  our  fingers  upon  its  beard,  it  would  sud- 
denly bound  away  into  oblivion,  as  if  conscious  of  our  earthly  ' 
impudence;  but  then  others  would  appear,  whom  we  could  not 
prevent  nibbling  the  herbage,  say  or  do  what  we  would  to  them. 

We  soon  came  across  a  beautiful  valley,  and  found  a  large 
branching  river,  abounding  with  lovely  islands,  and  water  birds 
of  numerous  kinds.  A  species  of  gray  pelican  was  the  most  num- 
erous, but  a  black  and  white  crane,  with  unreasonably  long  legs 
and  bill,  was  also  quite  common.  Near  the  upper  extremity  of 
one  of  these  islands  weobtained  aglimpse  of  a  strange  amphibious 
creature,  which  rolled  with  great  velocity  across  the  pebbly  beach, 
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and  was  lost  sight  of  in  the  strong  current  which  set  off  from  this 
angle  of  the  island.  We  were  compelled,  however,  to  leave  this 
prolific  valley  unexplored,  on  account  of  clouds  which  were  evi- 
dently accumulating  in  the  lunar  atmosphere,  our  own  being  per- 
fectly translucent.  But  this  was  of  itself  an  interesting  discovery, 
for  more  distant  observers  had  questioned  or  denied  the  existence 
of  any  humid  atmosphere  in  this  planet.  The  moon  being  low  in 
her  descent,  Dr.  Herschel  decided  that  it  was  useless  to  carry  our 
labors  further,  especially  as  our  minds  were  actually  tired  with 
the  excitement  of  the  high  enjoyment  we  had  partaken. 

Our  next  night  of  observation  was  a  beautiful  clear  night,  and 
we  set  to  our  work  filled  with  expectancy.  While  gazing  aV  the 
landscape  in  the  Valley  of  the  Unicom  we  were  thrilled  with  as- 
tonishment to  perceive  four  successive  flocks  of  large- winged  crea- 
tures, wholly  unlike  any  kind  of  birds,  slowly  descend  Irom  the 
cliffs  and  alight  upon  the  plain.  These  were  first  noticed  by  Dr. 
Herschel,  who  exclaimed,  "  Now,  gentlemen,  my  theories  against 
your  proofs.  We  have  here  something  worth  looking  at.  I  was 
confident  that  if  ever  we  found  bemgs  in  human  shape,  it  would 
be  in  this  longitude,  and  that  they  would  be  provided  by  their 
Creator  with  some  extraordinary  powers  of  locomotion."  Intro- 
ducing a  lens  of  higher  power,  we  perceived  that  certainly  they 
were  like  human  beings,  for  their  wings  had  now  disappeared 
and  their  attitude  in  walking  was  both  erect  and  dignified. 
By  our  lens,  we  could  bring  them  to  an  apparent  proximity  of 
eighty  yards.  They  averaged  four  feet  in  height,  were  covered, 
except  on  the  face,  with  short  and  glossy  copper-colored  hair,  and 
had  wings  of  thin  membrane,  without  hair,  lying  snugly  upon 
their  backs,  from  the  top  of  the  shoulders  to  the  calves  of  the  legs. 
The  face,  which  was  of  a  yellowish  flesh  color,  was  a  slight  im- 
provement upon  that  of  the  large  orang  outang.  being  more  open 
and  intelligent  in  its  expression,  and  having  a  much  greater  ex- 
pansion of  forehead.  The  mouth,  however,  was  very  prominent, 
though  somewhat  relieved  by  a  thick  black  beard  upon  the  lower 
jaw,  and  by  lips  far  more  human  than  any  species  of  the  simia 
genus.  In  general  symmetry  of  body  and  limbs,  they  were  far 
superior  to  the  orang  outang.  The  hair  on  the  head  wasa  darker 
color  than  that  of  the  body,  closely  curled;  but  apparently  not 
viTDolly,  and  arranged  in  curious  semicircles  over  the  temples  of 
the  forehead.  Their  feet  could  be  seen  as  they  were  alternately 
hfted  in  walking,  but,  from  what  we  could  see  of  them  in  so  tran- 
sient a  view,  they  appeared  thin  and  very  protuberant  at  the 
heel.    Whilst  passing  across  the  canvas,  and  whenever  we  after-  * 
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wards  saw  them,  these  creatures  were  evidently  engaged  in  con- 
versation, their  gesticulation,  more  particularly  the  varied  action 
of  their  hands  and  arms,  appeared  impassioned  and  emphatic. 

Turning  irom  these  creatures,  we  surveyed  the  shores  of  the 
Mare  Serenetatis,  which  is  nearly  square,  being  about  330  miles 
in  length  and  width.  This  sea  has  one  most  extraordinary  pecu- 
liarity, which  is  a  perfectly  straight  range  of  hills,  certainly  not 
more  than  five  miles  wide.  This  singular  ridge  is  perfectly  sai 
^□eris,  being  altogether  unlike  any  mountain  chaineither  onthts 
earth  or  on  the  moon  itself.  Our  lens  brought  it  within  the  small 
distance  of  800  yards.  Nothing  we  had  hitherto  seen  more  high- 
ly excited  our  astonishment.  Believe  it,  or  believe  it  not,  it  was 
one  entire  crystallization !  Its  etlge  through  its  whole  length  of 
340  miles  is  an  angle  of  solid  quartz  crystal,  brilliant  as  a  piece 
of  Derbyshire  spar  just  brought  from  a  mine,  and  containing 
scarcely  a  fracture  or  a  chasm  from  end  to  end  ! 

But  our  eyes  were  still  further  gladdened  by  the  sight  of  more 
inhabitants.  These  seemed  to  beof  thesame  species  as  our  winged 
friends,  and  having  adjusted  the  instrument  for  a  more  minute 
examination,  we  found  that  nearly  all  the  individuals  of  several 
large  groups  we  saw  were  of  a  larger  stature  than  theformer  speci- 
mens, less  dark  in  color,  and  in  every  respect  an  improved  variety 
of  the  race.  They  were  chiefly  engaged  in  eating  a  large  yellow 
fruit  like  a  gourd,  sections  of  which  they  divided  with  their  fin- 
gers, and  ate  with  rather  uncouth  voracity,  throwing  away  the 
rind.  They  seemed  eminently  happy,  and  even  polite,  for  we  saw, 
in  many  instances,  individuals  sitting  nearest  these  piles  of  fruit 
select  the  largest  and  brightest  specimens  and  throw  them  arch- 
wise to  some  opposite  friend  or  associate  who  bad  extracted  the 
nutriment  from  those  scattered  around  him.  and  which  were  fre- 
quently I  ot  a  few.  While  thus  engaged  in  their  rural  ban- 
quets, or  in  social  converse,  they  were  always  seated  with  their 
knees  flat  upon  the  turf,  and  their  (eet  brought  evenly  together  in 
the  shape  ol  a  triangle,  and  for  some  mysterious  reason  or  other, 
this  figure  seemed  to  be  an  especial  favorite  among  them;  lor  we 
found  that  every  group  or  social  circle  arranged  itself  in  this 
shape  before  it  dispersed,  which  was  generally  done  at  the  signal 
of  an  individual  who  stepped  into  the  center  and  brought  his  hands 
over  his  head  in  an  acute  angle.  At  this  signal  each  member  of 
the  company  extended  his  arms  forward  so  as  to  form  an  acute 
horizontal  angle  with  the  extremity  of  the  fingers.  But  this  was 
not  the  only  proof  that  they  w<  re  creatures  of  order  and  aubordi- 
natiun.    •    •    *    •    But  although  evidently  the  highest  order  of 
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animals  in  this  loTely  valley,  they  were  not  its  only  occupants. 
The  most  attractive  of  the  qaadropeds  was  a  tall  white  stag, 
with  lofty  spreadingantlers,  black  asebony.  Weseveral  tiraessaw 
this  beautiful  creature  trot  up  to  the  parties  of  semi-human  be- 
ings, and  brouse  the  herbage  close  beside  them,  without  the  least 
manifestation  of  fear  on  its  part  or  notice  on  theirs.  This  univer- 
sal state  of  amity  among  all  classes  of  lunar  creatures,  and  the 
apparent  absence  of  every  caroiverous  or  ferocious  species,  gave 
usthe  most  refined  pleasure  and  doublyetideared  tons  this  lovely 
nocturnal  companion  of  our  larger,  but  less  favored  world. 

During  the  month  of  March  we  were  able  to  get  some  more  ob- 
servations, and  while  looking  at  the  noble  valleys  at  the  foot  of 
Atlas  we  found  a  very  superior  species  of  Lunarian.  In  stature 
they  did  not  exceed  those  lastdescribed,  but  they  wereof  infinitely 
greater  personal  beauty,  and  appeared  in  our  eyes  scarcely  less 
lovely  than  the  general  representation  of  angels  by  the  more  im- 
aginative schools  of  painters.  Their  social  economy  seemed  to  be 
regulated  by  laws  and  ceremonies  like  the  lormer  beings  seen, but 
their  works  of  art  were  more  numerous,  and  displayed  a  profi- 
ciency of  skill  quite  incredible  to  all  except  actual  observers.  I 
shall  therefore  let  the  first  detailed  account  of  them  appear  in  Dr. 
H^rschcl's  authenticated  natural  history  of  this  planet." 

This  is  the  "Moon  Hoax,"  with  its  flowery  descriptions  of 
planet  and  animal  life  on  our  satellite. 

How  much  of  these  "discoveries"  did  th^  people  back  in  the 
thirties  and  forties  believe  ?  This  we  can  guage  by  quoting  a  few 
of  the  press  criticisms  as  given  in  the  contemporary  daily  New 
York  papers ; 

"  No  article,  we  believe,  has  appeared  for  years  that  will  com- 
mand so  general  a  perusal  and  publication,"— ZJaj'/yi4dver(iser. 

"  It  appears  to  carry  intrinsic  evidence  of  being  an  authentic 
document." — Mercantile  Advertiser. 

"It  isquite  properthatthe  Sutishould  be  the  means  of  shedding 
so  much  light  on  the  Moon  "— JV,  ¥.  Evening  Post. 

"The  account  of  the  wonderful  discoveries  in  the  moon  are  all 
probable  and  plausible,and  have  an  air  of  intense  versimilitude." 
-N.  Y.  Times. 

This  hoax  was  published  in  serial  form  in  the  Sun  from  August 
25  to  31st,  inclusive,*  About  the  same  time  there  appeared  three 
French  translations  at  ^  aris.oneat  Bordeaux,  and  Italian  trans- 
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latioad  at  Parma,  Palermo  and  Milan.    A  "second  edition"  of 
this  pamphlet  was  published  in  London,  12mo.,  1836. 

The  authorshipoTthis  article  was  attributed  to  Richard  Adams 
Locke,  at  that  time  the  editor  of  the  New  York  San.  But  besides 
the  great  fluency  of  style  and  the  masterful  command  of  the  En- 
glish language  shown  by  the  "  Moon  Hoax,"  there  is  evinced  in 
this  article  so  accurate  a  knowledge  of  astronomical  facts,  even 
to  tbe  most  scientiflc  details,  that  it  is  evident  none  but  an  as- 
tronomer of  more  than  ordinary  ability  could  have  written  it. 
This  Locke  certainly  was  not.  After  severing  his  connection  with 
the  iS[ia,Lockeedited  the  New  Bra,  and  soon  after,  there  appeared 
in  this  periodical  another  hoax,  "The  Lost  Manuscript  of  Mungo 
Park,"  also  by  Locke.  This,  however,  while  showing  tbe  same 
peculiarities  in  style  as  the  "Moon  Hoax,"  lacked  greatly  the 
bold  and  daring  conception  in  the  plot  of  the  latter,  and  as  a  re- 
sult secured  very  little  notoriety.  It  would  seem,  therefore,  that 
there  had  been  some  bolder  and  more  learned  spirit  than  Locke's 
which  had  conceived  the  plot  of  the  "  Moon  Hoax,"  and  supplied 
the  editor  of  the  Sua  with  the  astronomical  facts  necessary  for 
the  construction  of  the  article.  Dr.  Andrew  Grant,  alluded  to  in 
the  text,  seems  to  be  as  evanescent  as  the  lunarians.  But  who, 
then,  with  such  an  idea  and  the  knowledge  for  its  development, 
would  be  content  to  give  it  to  another  and  remain  himself  un- 
known ?  And  what  could  be  his  reason  for  so  doing  ?  We  seem 
to  find  this  man  in  the  person  of  M.J.N.  Nicollet,  a  noted  French 
astronomer,  who,  fqr  some  unknown  cause,  had  been  compelled 
to  leave  France  and  seek  refuge  in  America.  This  astronomer,  in 
connection  with  MM.  Brousseaud  and  Bonvard,  was  the  au- 
thor of  an  important  memoir,  "Sur  la  Libration  de  la  Lune;"  and 
in  Amer.  Phil.  Soc.  Trans.,  Vol.  VIII,  1842,  pp.  306.310,  we  have 
a  work  of  his,  published  under  the  title  of  "Observations  Made 
at  Several  Places  in  the  United  States."  With  Nicollet  as  the  au- 
thor, we  find  an  explanation  ol  the  precise  astronomical  knowl- 
edge shown  in  our  article,  and  especially  the  frequent  use  of  the 
term  "  libration  "  in  bis  descriptions  of  the  moon.  But  we  do  not 
see  any  apparent  reason  why  Nicollet  should  be  willing  to  allow 
another  to  appear  as  the  author  of  anyof  his  articles.  There  are, 
however,a  couple  of  stories  about  him  which  perhaps  will  throw 
a  little  light  on  this  question.  One  story  is  that  Nicollet  was  a 
fugitive  from  Paris,  taking  some  money  that  did  not  belong  to 
him,  and  that  bis  "  Moon  Hoax  "  was  published  in  America,  sim- 
ply for  the  purpose  of  earning  him  some  money,  and  being  a 
Frenchman,  be  obtained  Locke's  help  to  put  tht  story  into  pol- 
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ished  English.  Another,  and  a  more  probable  story  is,  that  by 
his  hoar,  Nicollet  endeavored  to  entrap  his  enemy,  the  astrono- 
mer, Arago,  in  which  he  succeeded,  Arago  circulating  the  wonderful 
story  through  Paris  until  Nicollet,  in  a  letter  to  M.  Bouvard  ex- 
plained the  hoax.  With  this  lor  a  motive,  it  can  be  easily  seen 
that  Nicollet  would  not  care  to  have  the  hoax  appear  over  his 
signature,  or  allow  any  hint  as  to  his  identity  to  appear  in  the 
article. 

It  thus  appears  almost  an  assured  fact  that  Nicollet,  through 
the  medium  of  Locke,  was  the  real  author  of  the  "  Moon  Hoax," 
and  that  it  is  to  him  we  are  indebted  for  these  very  interesting 
"astronomical  discoveries." 

Columbia  UNrvERsrry, 
March  15.  1900. 


NON-BUCLXDEAN  GEOMETRY. 

OBOROB  BRUCB  HA.LSTBD. 
Fob  PoPDi.i»  Abtrohoht. 

In  writing  of  "  The  Wonderful  Century,"  Alfred  Rassel  Wallace 
says  of  all  time  before  the  seventeenth  century;  "Then,  going 
backward,  we  can  find  nothing  of  the  first  rank  except  Euclid's 
wonderful  system  of  geometry,  perhaps  the  most  remarkable 
mental  product  of  the  earliest  civilizations." 

But  of  late  all  men  of  science  and  intelligent  teachers  have  been 
bearing  more  and  more  of  non-Euclidean  geometry,  and  are  nat- 
urally anxious  to  know  how  these  new  doctrines  are  related  to 
the  traditional  geometry  which  they  were  taught  and  perhaps 
now  are  teaching. 

The  new  departure  is  absolutely  epoch-making,  but  fortunately 
it  has  intensified  admiration  for  that  imperishable  model,  al- 
ready in  dim  antiquity  a  classic,  the  immortal  f/ements  of  Euclid. 

But  without  assumptions  nothing  can  be  proved,  and  Euclid 
stated  his  assumptions  with  the  most  painstaking  candor.  He 
would  have  smiled  at  the  suggestion  that  he  could  ever  claim  for 
his  conclusions  any  other  truth  than  perfect  deduction  from  as- 
sumed hypotheses. 

And  so  bis  system  is  forever  safe.  Should  each  one  of  his  ax- 
ioms turn  out  to  be  inconsistent  with  external  reality;  should 
each  of  his  fundamental  assumptions  be  replaced  in  our  final 
explanation  of  the  space  in  which  we  live  and  move;  in  refer- 
ence  to  our  space,  should  all  his  theorems  be  shown  to  be  only 
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approzimatioas;  yet  bis  work  will  remain  a  perfect  piece  of  pure 
mathematics,  the  exact,  eternal  geometry  of  Euclidean  space. 

For  two  thoasand  years  no  one  erer  doubted  the  trntb  of  any 
one  of  this  set  of  axioms,  far  the  most  influential  in  the  intel- 
lectaal  history  of  the  world,  put  together  by  Euclid  in  Egypt, 
but  really  owing  nothing  to  the  Egyptian  race,  nothing  to  the 
boasted  lore  of  Egypt's  priests. 

The  Papyrus  of  the  Rhind,  belonging  to  the  British  Museum, 
but  given  to  the  world  by  the  erudition  of  a  German  Egyptolo- 
gist, Eisenlohr,  and  a  German  historian  of  mathematics,  M. 
Cantor,  gives  us  more  knowledge  of  the  state  of  mathematics 
in  ancient  Egypt  than  all  else  previously  accessible  to  the  mod- 
em world.  Its  whole  testimony  confirms  with  overwhelming 
force  the  position  that  geometry  as  a  science,  strict  and  self- 
conscious  deductive  reasoning,  was  created  by  the  subtle  intel- 
lect of  the  same  race  whose  bJoom  in  art  still  overawes  us  in  the 
Venus  of  Mtlo,  the  Apollo  Belvidere,  the  Laocodn. 

But  though  for  twenty  centuries  the  truth  of  the  axioms  of  the 
Greek  geometer  remained  unquestioned,  there  was  one  of  them 
of  which  the  axiomatic  character  was  doubted  even  from  far 
antiquity.  Elementary  geometry  was  for  two  thousand  years 
as  stationary,  as  fixed,  as  peculiarly  Greek  as  the  Parthenon. 
But  among  Euclid's  assumptions  is  one  differing  from  the  others 
in  prolixity,  whose  place  fluctuates  in  the  manuscripts. 

Peyrard,  on  the  authority  of  the  Vatican  MS.,  puts  it  among 
the  postulates,  and  it  is  often  called  the  parallel-postulate. 
Heiberg,  whose  edition  of  the  Greek  text  is  the  latest  and  best 
(Leipzig,  1883-1888),  gives  it  as  the  fifth  postulate. 

James  Williamson,  who  published  the  closest  translation  of 
Euclid  we  have  in  English,  indicating,  by  the  use  of  italics,  the 
words  not  in  the  original,  gives  this  assumption  as  eleventh 
among  the  Common  Notions. 
Bolyai  speaks  of  it  as  Euclid's  Axiom  XI. 
Todhunter  has  it  as  twelfth  of  the  Axioms. 
Clavius  (1674)  gives  it  as  Axiom  13. 

The  Harpur  Euclid  separates  it  by  forty  eight  pages  from  the 
other  axioms. 

It  is  not  used  in  the  first  twenty-eight  propositions  of  Euclid. 
Moreover,  when  at  length  used,  it  appears  as  the  inverse  of  a 
proposition  already  demonstrated,  the  seventeenth,  and  is  only 
needed  to  prove  the  inverse  of  another  proposition  already  dem- 
onstrated, the  twenty-seventh. 
GeminoB  of  Rhodes  (about  70  B.  C.)  speaks  of  it  as  needing 
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proof.  The  astronomer  Ptolemy  (A.  D.  87-165)  tried  his  hand 
at  proving  it. 

The  great  Lambert  expressly  says  that  Proklos  demanded  a 
proof  of  this  assumption  because  when  inverted  it  is  demon- 
strable. 

The  Arab  Nasir-Eddin  (1201-1274)  tried  to  demonstrate  it. 

No  one  had  a  doubt  of  the  necessary  external  reality  and  exact 
applicability  of  the  assumption.  Until  the  present  century  the 
Euclidean  geometry  was  supposed  to  be  the  only  possible  form 
of  space-science ;  that  is,  the  space  analyzed  in  Euclid's  axioms 
was  supposed  to  be  the  only  non  contradictory  sort  of  space. 

But  could  not  this  assumption  be  deduced  from  the  other  as- 
sumptions and  the  twenty-eight  propositions  already  proved  by 
EucHd  without  it?  Euclid  demonstrated  things  more  axiomatic 
by  far.  He  proves  what  every  dog  knows,  that  any  two  sides  of 
a  triangle  are  together  greater  than  the  third. 

Yet  after  he  has  finished  his  demonstration,  that  straight  lines 
making  with  a  transversal  equal  alternate  angles  are  parallel,  in 
order  to  prove  the  inverse,  that  parallels  cut  by  a  transversal 
make  equal  alternate  angles,  he  brings  in  the  nnwieldy  assump. 
tion  thus  translated  by  Williamson  (Oxford,  1781): 

"II.  And  if  a  straight  line  meeting  two  straight  lines  make 
those  angles  ^vhich  are  inward  and  upon  the  same  side  of  it  less 
than  two  right  angles,  the  two  straight  lines  being  produced  in- 
definitely will  meet  each  other  on  the  side  where  the  angles  are 
less  than  two  right  angles," 

As  Staeckel  says,  "  it  requires  a  certain  courage. to  declare  such 
a  reqairemcnt,  alongside  the  other  exceedingly  simple  assamp> 
tions  and  postulates." 

In  the  brilliant  new  light  given  by  Bolyai  and  Lobachevski,  we 
now  see  that  Euclid  understood  the  crucial  character  of  the  ques- 
tion of  parallels. 

There  are  now  for  us  no  better 'proofe  of  the  depth  and  syste- 
matic coherence  of  Euclid's  masterpiece  than  the  very  things 
which,  their  cause  unappreciated,  seemed  the  most  noticeable 
biota  on  his  work. 

Sir  Henry  Savile,  in  his  Praelectiones  on  Euclid,  Oxford,  1621, 
p.  140,  says:  "In  pnlcherrimo  Geometriae  corpore  duo  sunt 
naevi,  duae  labes  ..."  etc.,  and  these  two  blemishes  are  the 
theory  of  parallels  and  the  doctrine  of  proportion;  the  very 
points  in  the  Elements  which  now  arouse  our  wondering  admira- 
tion. 

But  down  to  our  very  nineteenth  century  an  ever  renewing 
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stream  of  mathematicians  tried  to  wash  awa;  the  first  of  these 
sapposed  stains  from  the  most  beauteous  body  of  Geometry. 

The  attempts  may  be  divided  ioto  three  classes:  First,  those 
.  in  which  is  taken  a  new  definition  of  parallels.  Second,  those  la 
which  is  taken  a  new  axiom  different  from  Euclid's.  Third,  the 
largest  and  most  desperate  class  of  attempts,  namely,  those 
which  strive  to  deduce  the  theory  of  parallels  from  reasonings 
about  the  nature  of  the  straight  line  and  plane  angle.  Hun- 
dreds of  mathematicians  tried  at  this.  All  failed.  That  em- 
inent man,  Legendre,  was  trying  at  this,  and  continually  failing 
at  it,  throoghout  his  very  long  life.  Thus  the  experience  of  two 
thousand  years  went  to  show  that  here  some  assumption  was 
indispensable.  Every  speciett  of  effort  was  made  to  avoid  or 
elude  it,  but  without  success.  From  a  letter  of  Gauss  we  see 
that  in  1799  he  was  still  trying  to  prove  that  Euclid's  is  the 
only  non-contradictory  system  of  geometry,  and  that  it  is  the 
system  regnant  in  the  external  space  of  our  physical  experience. 
The  first  is  false ;  the  second  can  never  be  proven. 

Yet  even  in  1831  the  acute  logician,  De  Morgan,  accepted  and 
reproduced  a  wholly  fallacious  proof  of  Euclid's  assumption,  re- 
cently republished,  Chicago,  1898. 

A  like  pseudo-proof  published  in  Crelle's  Journal  (1834)  de- 
ceived even  our  well  known  Professor  W.  W.  Johnson,  who 
translated  and  published  it  in  the  Analyst  (Vol.  Ill,  1876,  p. 
103),  saying,  "  this  demonstration  seems  to  have  been  generally 
overlooked  by  writers  of  geometrical  text-books,  though  appar- 
ently exactly  what  was  needed  to  pot  the  theory  upon  a  perfectly 
soand  basis." 

The  most  interesting  and  perhaps  the  most  extended  of  such 
attempted  proofs  was  by  the  Italian  Jesuit  Saccheri,  bom  the 
fifth  of  September,  1667,  who  joined  the  Society  of  Jesus 
at  Genoa,  on  the  twenty-fourth  of  March,  1685.  He  be- 
came teacher  of  grammar  in  'the  Jesuit  "Coliegio  di  Brera," 
where  the  teacher  of  mathematics  was  Tommaso  Ceva,  a 
brother  of  the  well  known  mathematician,  Giovanni  Ceva 
(1648-1737),  who  published  in  1678  at  Milan  a  work  contain- 
ing  the  theorem  now  known  by  his  name. 

Saccheri  was  in  close  scientific  communion  with  both  brothers 
and  received  his  inspiration  from  them.  He  used  Ceva's  in- 
genious methods  in  his  first  published  work,  1693,  solutions  of 
six  geometric  problems  proposed  by  Count  Roger  Ventimiglia. 
His  attempt  at  proving  the  parallel-postulate  is  his  last  work, 
"Enclid  vindicated  from  every  fleck,"  which  received  the  "Im- 
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primatur"  of  the  Inqaisition  the  thirteenth  of  July,  1733,  that 
of  the  Provincial  of  the  Jesuits  the  sixteenth  of  August,  1738. 
Saccheri  died  the  twenty-fifth  of  October,  1733. 

All  preceding  attempts  were  alike  in  trying  to  give  a  direct 
positive  proof  of  the  postulate:  all  were  alike  in  the  assumption 
open  or  hidden,  conscious  or  unconscious,  of  an  equivalent  postn^ 
late. 

Saccheri  tries  a  wholly  new  way,  and  thus  his  book  marks  an 
epoch.  He  never  doubted  the  absolute  necessary  truth  of 
Euclid's  postulate,  and  so  he  thinks  that  the  two  alternatives, 
possible  if  it  be  taken  as  not  true,  must  each  lead  to  some  con- 
tradiction, to  some  absurdity.  He  tries  the  reductio  ad  ab- 
surdum.  Ninety  years  later,  1823,  Bolyai  Jfinos  reached  the  as- 
tounding conviction  that  these  alternatives  lead  not  to  any  con- 
tradiction but  to  the  "science  absolute  ot  space,"  a  generaliza- 
tion of  Euclid's  universe.  In  a  letter  dated  the  third  of  Novem- 
ber, 1823,  written  in  the  Magyar  language,  and  fortunately  pre- 
served for  us  at  Maros  VdsArhely  in  Hungary,  Bolyai  J&nos 
writes  to  his  father,  Bolyai  Farkas:  "I  have  discovered  such 
magnificent  things  that  I  am  myself  astonished  at  them.  It  would 
be  damage  eternal  if  they  were  lost.  When  you  see  them,  my 
father,  you  youself  will  acknowledge  it.  Now  I  cannot  say 
more,  only  so  much:  that  trom  notbiog  I  have  created  another 
wholly  new  world." 

Suppose  we  take  a  few  steps  into  this  new  universe  on  the 
path  which  opened  before  Saccheri  without  bis  ever  suspecting 
whither  it  led. 

1.  If  two  points  determine  a  line  it  is  called  a  straight. 

2.  If  two  straights  make  with  a  transversal  equal  alternate 
angles,  tfaey  have  a  common  perpendicular. 

3.  A  piece  of  a  straight  is  called  a  sect. 

4.  If  two  equal  coplanar  sects  are  erected  perpendicular  to  a 
straight,  if  they  do  not  meet,  then  the  sect  joining  their  extremi- 
ties  makes  equal  angles  with  them  and  is  bisected  by  a  perpen- 
dicular erected  midWay  between  their  feet:  [Proved  by  folding 
the  bgure  over,  along  the  third  perpendicular]. 

5.  Considering  figures  where  the  right  angles  made  by  the 
equal  perpendiculars  may  be  said  to  be  not  alternate,  and  where 
no  two  perpendiculars  to  the  same  straight  meet,  the  equal 
angles  made  with  the  joining  sect  at  the  extremities  of  the  two 
equal  perpendiculars  are  either  right  angles,  acute  angles,  or  ob> 
tuse  angles.  Distinguish  the  three  cases  as  hypothesis  of  right, 
hypothesis  of  acute,  hypothesis  of  obtuse. 
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6.  According  to  these  three  hypotheses  respectively,  the  join 
of  the  extremities  of  the  equal  perpendiculars  is  eqaal  to,  greater 
than,  or  less  than  the  join  of  their  feet,  [Saccheri,  Prop,  III. 
Translated  by  Halsted  in  the  American  Mathematical  Monthly']. 

7.  Inversely,  according  as  the  join  of  the  extremities  is  equal 
to,  or  less  than,  or  greater  than  the  join  of  the  feet,  the  eqaal 
angles  will  be  right,  or  obtuse,  or  acute.    [S.  P.  IV]. 

8.  Corollary.  In  every  quadrilateral  containing  three  right 
angles  and  one  obtuse,  or  acute,  the  aides  adjacent  to  this  ob- 
lique angle  are  less  than  the  opposite  sides,  if  this  angle  is  ob- 
tuse, but  greater  if  it  is  acute. 

9.  The  hj-pothesis  of  right,  if  even  in  a  single  case  it  is  true, 
always  in  every  case  it  alone  is  true.    [S.  P.  V,]. 

10.  Assuming  the  principle  of  continuity,  and  referring  only 
to  figures  where  no  two  perpendiculars  to  the  same  straight 
meet;  The  hypothesis  of  obtuse,  if  even  in  a  single  case  it  is  true, 
always  in  every  case  it  alone  is  true.    [S.  P.  VI.]. 

11.  With  like  limitation;  The  hypothesis  of  acute,  if  even  in  a 
single  case  it  is  true,  always  in  every  case  it  alone  is  true.  [S.  P. 
VII.] 

12.  The  sum  of  the  angles  of  a  rectilineal  triangle  is  a  straight 
angle  in  the  hypothesis  of  right,  is  greater  than  a  straight  angle 
in  the  hypothesis  of  obtuse,  is  less  than  a  straight  angle  in  the 
hypothesis  of  acute.    [S.  P.  IX]. 

13.  The  excess  of  a  triangle  is  the  excess  of  the  sum  of  its  an- 
gles over  a  straight  angle.  The  deficiency  of  a  triangle  is  what 
its  angle- sum  lacks  of  being  a  straight  angle. 

14.  Two  triangles  having  the  same  excess  or  deficiency  are 
equivalent. 

15.  Even  with  the  assumption  that  two  straights  cannot  in- 
tersect  in  two  points,  the  three  hypotheses^ve  rise  to  three  per- 
fect systems  of  geometry,  the  hypothesis  of  right  to  Euclid,  the 
hypothesis  of  acute  to  Bolyai-Lobachevski,  the  hypothesis  of  ob- 
tuse to  Riemann. 

16.  In  the  hypothesis  of  acute  the  straight  is  infinite.  Two 
coplanar  straights  perpendicular  to  a  third  diverge  on  either  side 
of  their  common  perpendicular.  The  angle-sum  of  any  rectilin- 
eal  triangle  is  less  than  a  straight  angle. 

17.  In  Euclid  and  Bolyai,  parallels  are  straights  on  a  com- 
mon point  at  infinity, 

18.  In  Bolyai,  from  any  point  P  drop  PC  a  perpendicular  to  a 
given  straight  AB. 

If  D  move  off  indefinitely  on  the  ray  CB  the  sect  PD  will  ap- 
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proach  as  limit  PFcopunctal  with  AB  at  infinity.  PF  is  said  to 
be  at  P  the  parallel  to  AB  toward  B. 

PF  makes  with  PC  an  angle  CPF  which  is  called  the  angle  of 
parallelism  for  the  perpendicular  PC.  It  is  less  than  a  right  an- 
gle by  an  amount  which  is  the  limit  of  the  deficiency  of  the  tri- 
angle PCD.  On  the  other  side  of  PC  an  equal  angle  of  parallel- 
ism gives  us  the  parallel  at  Pto  BA  toward  A. 

Thus  at  any  point  there  are  two  parallels  to  a  straight. 

A  straight  has  two  distinct  separate  points  at  infinity. 

Straights  through  P  which  make  with  PC  an  angle  greater 
than  the  angle  of  parallelism  and  less  than  its  supplement  do 
□ot  meet  the  straight  AB  at  all,  not  even  at  infinity. 

19.  A  straight  maintains  its  parallelism  at  all  its  points. 
[Lobacb^Tski,  Geometrical  Researches  on  the  Theory  of  Paral- 
lels, Translated  by  Halsted,  §  17]. 

20.  If  one  straight  is  parallel  to  a  second,  the  second  is  paral- 
lelto  the  first.    [L.  §  18.]. 

21.  Two  straights  parallel  to  a  third  toward  the  same  part 
are  parallel  to  each  other.    [L.  §  25]. 

22.  Parallels  continually  approach  each  other.     [L.  §  24]. 

23.  The  perpendiculars  erected  at  the  middle  points  of  the 
sides  of  a  triangle  are  all  parallel  if  two  are  parallel.    [L.  §  30.] 

24.  If  the  foot  of  a  perpendicular  slides  on  a  straight,  its  ex- 
tremity describes  a  carve  called  an  equi-distant  curve  or  an  equi- 
distantial. 

25.  An  equidistantial  will  slide  on  its  trace. 

26.  A  circle  with  infinite  radius  is  not  a  straight  but  a  curve, 
called  the  boundary  curve,  which  is  a  plane  curve  such  that  all 
perpendiculars  erected  at  the  mid-points  of  chords  are  parallel. 
[L.  %  31].  It  is  an  equi-distantial  whose  base  line  is  infinitely  re- 
moved. 

27.  Circles,  boundary-curves,  equi-distantials  cut  at  right 
angles  a  system  of  copunctal  straights,  of  parallel  straights,  oi 
perpendiculars  to  a  straight,  respectively. 

Three  points  determine  one  of  these  curves;  that  is  through 
any  three  points  not  co-straight  will  pass  either  a  circle,  a  bound- 
ary^urve,  or  an  equi-distantial,  and  only  one  such  curve. 
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Any  triangle  may  be  inscribed  in  one  and  only  one  of  these 
curves. 

28.  Boundary-surface  we  call  that  surface  generated  by  the 
revolution  of  a  boundary-curve  about  one  of  its  axes. 

Principal  plane  we  call  each  plane  passed  through  an  axis  of 
the  boundary-surface. 

Every  principal  plane  cuts  the  boundary-surface  in  a  boundary, 
curve. 

Any  other  plane  cuts  the  boundary-surface  in  a  circle. 

Boundary-triangles  whose  sides  are  arcs  of  the  boundary- 
curve  on  the  boundary-surface  have  the  same  interdependence  of 
angles  and  sides  and  the  same  angle  sum  as  rectilineal  triangles 
in  Euclid. 

Geometry  on  the  boundary-surface  is  the  same  as  the  ordinary 
Euclidean  plane  geometry.    [L.  §  34]. 

29.  Triangles  on  an  equidistant  surface  are  similar  to  their 
projections  oa  the  base  plane;  that  is,  they  have  the  same  angles 
and  their  sides  are  proportional. 

30.  In  the  hypothesis  of  obtuse,  a  straight  is  of  Bnite  size,  and 
returns  into  itself. 

This  size  is  the  same  for  all  straights.  Any  two  straights  can 
be  made  to  coincide. 

Two  straights  always  intersect. 

Two  straights  perpendicular  to  a  third  intersect  at  a  point 
half  a  straight  from  the  third  either  w^ay. 

A  straight  in  the  hypothesis  of  obtuse  does  not  divide  the 
plane  into  hemiplanes. 

Starting  from  the  point  of  intersection  of  two  straights  and 
passing  along  one  of  them  over  a  certain  finite  sect,  we  come 
again  to  the  intersection  without  having  crossed  the  other 
straight. 

This  sect  is  the  whole  straight,  and  so  a  straight  has  not  really 
two  sides. 

There  is  one  point  through  which  pass  all  the  coplanar  perpen- 
diculars to  a  given  straight.  It  is  called  the  pole  of  that 
straight,  and  the  straight  is  its  polar. 

A  pole  is  half  a  straight  from  its  polar.  A  polar  is  the  locus  of 
coplanar  points  half  a  straight  from  its  pole.  Therefore  if  the 
pole  of  one  straight  lies  on  another  straight,  the  pole  of  this 
second  straight  is  on  the  first  straight. 

The  cross  of  two  straights  is  the  pole  of  the  join  of  their  poles. 

The  equidistantial  is  a  circle  with  center  at  the  pole  of  its  basal 
straight. 
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Three  straights  each  perpendicular  to  the  other  two  form  a 
tri-rectangular  triangle.  It  is  self-polar,  each  vertex  being  the 
pole  of  the  opposite  side. 

In  the  hypothesis  of  obtuse,  any  two  straights  enclose  a 
plane  figare,  a  digon. 

Two  digons  are  congruent  if  their  angles  are  equal. 

In  the  hypothesis  of  obtuse,  all  perpendiculars  to  a  plane 
meet  at  a  point,  the  pole  of  the  plane.  It  is  the  center  of  a  sys- 
tem ol  spheres  of  which  the  plane  is  a  Hmiting  form  when  the 
radius  becomes  equal  to  half  a  straight. 

Figures  on  a  plane  can  be  projected  from  similar  figures  on  any 
sphere  which  has  the  pole  of  the  plane  for  center.  They  have 
equal  angles  and  corresponding  sides  in  a  constant  ratio  de- 
pending only  on  the  radius  of  the  sphere. 

Geometry  on  a  plane  is  therefore  like  two-dimensional  spherics, 
but  the  plane  corresponds  to  only  a  hemisphere. 

The  plane  is  unbounded  but  not  infinite.  It  is  finite  in  extent. 
The  universe  is  unbounded  but  not  infinite.  It  is  finite  in  extent, 
or  content,  or  volume. 

Now  of  these  three  possible  geometries  of  uniform  space,  Eu- 
clid's has  the  unexpected  disadvantage  that  it  can  never  be 
proved  to  be  the  system  actual  in  our  external  physical  world. 
To  establish  Euclid,  it  would  be  necessary  to  show  that  the 
angle-sum  of  a  triangle  is  exactly  a  straight  angle;  and  no  meas- 
urements can  ever  reach  exactitude. 

To  prove  one  of  the  others,  we  have  only  to  show  that  the 
sum  of  the  angles  of  some  triangle  is  less  than,  or  greater  than  a 
straight  angle,  which  may  conceivably  be  done  even  by  inexact 
measurements. 

What  changes  ought  to  be  made  in  teaching  elementary  ge- 
ometry in  consequence  of  these  later  discoveries  and  the  princi- 
ples of  the  non-Euclidean  geometries? 

We  are  given  a  new  criterion  for  questions  of  method,  of  expo- 
sition.   For  example,  surface  spherics  attains  a  new  importance. 

When  properly  founded  and  expounded,  pure  spherics,  two-di- 
mensional spherics,  while  giving  all  the  old  results  and  laying  the 
foundation  for  spherical  trigonometry,  gives  also  a  picture  of  the 
planimetric  part  of  Riemann's  geometry,  and  becomes  a  touch- 
stone for  detecting  the  fallacies  and  assumptions  in  the  many 
pseudo-proofs  accepted  in  the  past,  such  as  attempts  to  found 
parallelism  on  direction,  attempts  to  prove  all  right  angles 
eqnal,  etc. 

Ab  another  example,  we  see  a  new  stress  laid  on  the  incalcula- 


.y  Google 


276  Non-Euclidean  Geometry. 

ble  advantages,  educational  and  8cienti6c,  of  Bnclid's  procedure 
in  deducing  from  three  assumed  coostrnctions  every  other  con- 
struction before  be  uses  it  in  any  demoDstration.  The  glib 
method  of  supposed  solutions  to  all  desired  problems,  of  hypo- 
thetical constructions,  is  now  seen  in  its  deformity  and  danger. 

Euclid  says,  under  the  beading  "  Postulates :" 

"  I.  It  is  assumed,  that  a  straight  line  may  be  drawn  from  any 
one  point  to  any  other  point. 

"  II.  And  that  a  terminated  straight  line  [a  sect]  may  be  pro- 
duced in  a  straight  line  continually. 

"III.  .\nd  that  a  circle  may  be  described  with  any  center  and 
radius." 

From  these  Euclid  rigidly  deduces  every  problem  of  construc- 
tion he  wishes  to  use.  Says  Helmholtz:  "In  drawing  any  sub- 
sidiary line  for  the  sake  of  his  demonstration,  the  well-trained 
geometer  asks  always  if  it  is  possible  to  draw  such  a  line.  It  is 
notorious  that  problems  of  construction  play  an  essential  part 
in  the  system  of  geometry.  At  6rst  sight  these  appear  to  be 
practical  operations,  introduced  for  the  training  of  learners;  but 
in  reality  they  have  the  force  of  existential  propositions.  They 
declare  that  points,  straight  lines,  or  circles,  such  as  the  prob- 
lem requires  to  be  constructed,  are  possible  under  all  conditions, 
or  they  determine  any  exceptions  that  there  may  be." 

Euclid's  first  three  propositions  are  problems. 

The  most  popular  American  geometry,  Wentworth's,  (1899), 
puts  Euclid's  two  first  postulates  on  page  8,  and  the  third  pos- 
tulate a  whole  book  later,  and  then  never  has  a  single  problem 
of  construction  until  page  112,  where  he  says:  "Hitherto  we 
have  supposed  tfae  figures  constructed.'' 

Meantime,  on  page  88,  he  gives  as  a  "theorem:"  "Through 
three  points  not  in  a  straight  line,  one  circumference,  and  only 
one,  can  be  drawn. 

He  gives  as  his  "  Proof.  Draw  tbe  chords  AB  and  BC.  At  the 
.  middle  points  of  AB  and  BC  suppose  perpendiculars  erected. 
These  perpendiculars  will  intersect  at  some  point  O,  since  AB  and 
BC  are  not  in  the  same  straight  line." 

Now  the  tremendous  existential  import  of  the  problem,  to 
draw  a  circle  through  three  non-costraight  points,  will  be  recog- 
nized when  I  say  that  in  general,  it  is  not  possible.  In  the  Lo- 
bachevski  geometry  not  every  triangle  has  its  vertices  concyclic. 
Granting  that  every  three  points  must  be  costralgbt  or  concyclic, 
we  prove  the  parallel-postulate. 

Of  the  possible  geometries  we  cannot  say  a  priori  which  shall 
be  that  of  our  actual  space,  the  space  in^which  we  move. 
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The  hereditary  geometry,  the  Buclidean,  is  underivable  from 
real  experience  alone,  and  can  never  be  proved  by  experience, 
Euclidean  space  is,at  least  in  part,a  creation  of  the  human  mind. 
Its  adequacy  as  a  subjective  form  for  experience  has  not  yet  been 
disproved.    It  can  never  be  proved. 

The  realities  which  with  the  aid  of  our  subjective  space  form 
we  understand  under  motion  and  position,  may,  with  the  com- 
ing of  more  accurate  experience,  refuse  to  fit  in  that  form. 

Our  mathematical  reason  may  decide  that  they  would  be  fitted 
better  by  a  non-Euclidean  space  form. 

Comparative  geometry  finally  overthrows  that  superficial 
method  which  pretends  to  found  a  logically  sound  exposition  of 
geometry  on  "direction,"  undefined. 

For  more  than  20  years  Wentworth  gave  his  definition  "A 
straight  line  is  a  line  which  has  the  same  direction  throughout 
its  whole  extent."     (1877,  Def.  8.    1886,  p.  4;  1888,  §  17). 

At  last  he  discards  his  aged  error,  and  takes  the  definition  of 
non-Euclidean  geometry,  "a  straight  is  the  line  determined  by 
two  points"  (1899,  §§  36  and  4.6). 

Though  the  Bolyai  and  the  Riemana  geometries  are  founded  on 
the  straight,  yet  to  say  in  them  of  two  straights  that  they  have 
the  same  direction  has  no  ordinary  meaning,  since  in  Riemann 
every  two  straights  cross  and  inclose  a  space,  while  in  Bolyai 
every  two  parallels  continually  approach  each  other. 

So  as  to  direction,  Wentworth  has  reformed,  after  20  years  io 
the  land  of  nod. 

But  he  still  says,  1899,  g  49,  "A  straight  line  is  the  shortest 
line  that  can  be  drawn  irom  one  point  to  another." 

Now  a  relation  of  equality  or  inequality  between  two  magni> 
tndes  must  have  some  foundation,  and  be  capable  of  some  intel- 
ligible test.  In  the  traditional  geometry  the  foundation  of  all 
proof  by  Euclid's  method  consists  in  establishing  the  congruence 
of  magnitudes. 

To  make  the  congruence  evident,  the  geometrical  figures  are 
supposed  to  be  applied  to  one  another,  of  course  without  chang- 
ing their  form  and  dimensions.  But  since  no  part  of  a  curve  can 
be  congruent  to  any  piece  of  a  straight,  so,  for  example,  no  part 
of  a  circle  can  be  equivalent  to  any  sect  from  the  definition  of 
equivalent  magnitudes  as  those  which  can  be  cat  into  pieces  con- 
gruent in  pairs. 

In  any  comparison  of  size  by  congruence,  we  must  be  able  to 
place  one  of  the  magnitudes  or  portions  of  it  in  complete  or 
partial  coincidence  with  the  other.    No  such  direct  comparison 
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can  be  instituted  between  a  straight  and  a  line  no  piece  of  wbich 
is  straight.  Thas  the  whole  of  Euclid's  Elements  fails  utterly  to 
institute  or  prove  any  relation  as  regards  size  between  a  sect  and 
an  arc  joining  the  same  two  points.  The  operation  of  measure- 
ment we  cannot  effect,  rigorously  speaking,  either  for  curves  or 
for  curved  surfaces,  since  the  unit  for  length  is  a  sect,  and  the 
unit  for  area,  the  square  on  that  sect.  In  fact,  however  little 
may  be  the  parts  of  a  curve,  they  do  not  cease  to  be  curved,  and 
consequently  they  cannot  be  compared  directly  with  a  sect;  just 
as  parts  of  a  curved  surface  are  not  directly  comparable  with 
portions  of  a  plane. 

We  cannot  even  affirm  that  any  ratio  exists  between  a  circle 
and  its  diameter  until  after  we  have  made  some  extra- Euclidean 
and  post-Euclidean  assumption  at  least  equivalent  to  the  follow- 
ing: 

No  arc  is  less  than  its  chord;  and  no  mioor  arc  is  greater  than 
the  sum  of  the  tangents  at  its  extremities.  If  the  curve  be 
other  than  a  circle  we  assume  that  on  it  one  can  always  take 
two  points  so  near  that  the  arc  between  these  points  is  not  less 
than  its  chord,  oor  greater  than  the  broken  line  formed  by  the 
two  tangents  touching  its  extremities.  Some  such  assumption 
is,  in  fact,  necessary,  but  it  destroys  by  itself  the  primitive  idea  of 
measuring  curves  with  straights. 

Duhamel  gives  the  assumption  the  following  form :  The  length 
of  a  curve  shall  be  the  limit  toward  which  the  length  of  a  broken 
line  made  up  of  consecutive  chords  of  that  curve  approaches, 
when  the  number  of  chords  is  increased  in  such  a  manner  that  the 
chords  all  approach  zero  as  limit. 

Thus  the  evaluation  of  the  length  of  a  curve  represents  not  at 
all  an  attempt  at  rectification  strictly ;  but  it  has  for  aim  the 
finding  of  a  limit  to  which  another  magnitude  would  approach. 

In  geometry  one  proves  that  as  the  subdivisions  are  increased 
and  the  sides  tend  toward  the  limit  zero,  the  perimeter  of  the 
polygon  inscribed  in  a  circle  increases,  circumscribed  decreases, 
toward  the  same  limit,  wbich  then  is  assumed  for  the  magnitude 
of  the  circle. 

Therefore  when  Phillips  and  Fisher,  of  Yale,  give  as  their  defini- 
tion of  a  straight  (1898,  p.  4,  §  7.  Dcf.)  "  A  straight  line  is  a  line 
which  is  the  shortest  path  between  any  two  of  its  points,"  they 
pass  through  and  beyond  Euclid's  Elements  to  give  us  his  sim- 
plest element ;  they  institute  a  comparison  not  only  with  circular 
arcs,  but  also  with  all  curves  known  and  unknown ;  they  presup- 
pose a  foreknowledge  of  all  lines  in  a  definition  of  the  simplest 
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line.  Is  it  still  needful  to  say  this  is  grossly  bad  logic,  bad  peda- 
gogy,  bad  mathematics. 

This  same  Yale  geometry  blunders  horribly  on  p.  23,  where  it 
says:  "In  fact,  Lobatcbewsky  in  1829  proved  that  we  can 
never  get  rid  of  the  parallel  axiom  without  asanming  the  space 
in  which  we  live  to  be  very  different  from  what  we  know  it  to 
be  through  experience. 

Lobatchewsky  tried  to  imagine  a  different  sort  of  universe  in 
which  the  parallel  axiom  would  not  be  true.  This  imaginary 
kind  of  apace  is  called  non-EacJidean  space,  whereas  the  space  in 
which  we  really  live  is  called  Euclidean,  because  Euclid  (about 
300  B.  C.)  first  wrote  a  systematic  geometry  of  our  space." 

The  scientific  doctrine  of  evolution  postulates  a.  world  inde- 
pendent of  man,  and  teaches  the  outcome  of  man  from  lower 
forms  of  life  in  accordance  with  wholly  natural  causes.  la  this 
world  of  evolution  experience  is  a  teacher,  but  man  is  a  creator, 
and  the  mighty  examiner  is  death. 

The  puppy  bom  blind  most  still  be  able,  guided  by  the  sense  of 
smell,  to  superimpose  his  month  npon  a  source  of  nourishment. 
The  little  chick,  responding  to  the  stimulus  of  a  small  bright  ob- 
ject,  must  be  able  to  bring  his  beak  into  contact  with  the  object 
so  as  to  grasp  and  then  swallow  it.  The  springing  goat  that 
misjudges  an  abyss  is  lost. 

So  too  with  man.  His  ideas  mast  in  some  way  correspond  to 
this  independent  world,  or  death  passes  upon  him  an  adverse 
judgment. 

But  it  is  of  the  very  essence  of  the  doctrine  of  evolution  that 
man's  metric  knowledge  of  this  independent  world,  having  come 
by  gradoal  betterment  and  through  imperfect  instruments,  for 
example  the  eye,  cannot  be  absolute  and  exact. 

The  results  of  any  observations  are  always  with  certain  defin- 
ite limitations  as  to  exactitade  and  under  particular  conditions. 

Mao  the  creator  replaces  these  results  by  assumptions  presumed 
to  have  absolute  precision  and  generality,  such  as,  for  example, 
the  so-called  axioms  of  Euclid. 

If  two  natural  hard  objects,  snsceptible  of  high  polish,  be 
ground  together,  their  surfaces  in  contact  may  be  so  smoothed  as 
to  fit  closely  together  and  slide  one  on  the  other  without  separ- 
ating. If  now  a  third  surface  be  ground  alternately  against 
each  of  these  two  smooth- surfaces  until  it  accurately  fits 
both,  then  we  say  that  each  of  the  three  surfaces  is  approxi- 
mately plane,  is  a  piece  of  a  plane. 

If  one  sach  plane  be  made  to  cut  through  another,  we  say  the 
common  line  where  they  cross  is  approximately  a  straight. 
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The  periect,  the  ideal  plan«  is  a  human  creation  under  which  we 
seize  the  imperfect  data  of  experience. 

If  three  approximate  planes  on  real  objects  be  made  to  cut 
through  a  fourth  approximate  plane,  then  three  approximate 
straights  are  formed  on  this  fourth  plane,  and  in  general  they  are 
found  to  intersect,  and  the  figure  they  make  we  may  call  an  ap- 
proximate triangle. 

Such  triangles  may  vary  greatly  in  shape.  But  no  matter  what 
the  shape,  if  we  cut  off  the  six  ends  of  any  two  such,  and  place 
them  side  by  side  on  a  plane  with  their  vertices  at  the  same  point, 
the  six  are  found  with  a  high  degree  of  approximation  just  to  fill 
up  the  plane  about  the  point.  If  the  whole  angular  magnitude 
about  any  point  in  a  plane  be  called  a  perigon,  then  we  may  say 
that  the  six  angles  tif  any  two  approximate  triangles  are  found 
to  be  together  approximately  a  perigon. 

Now  does  the  exactness  of  this  approximation  to  a  perigon  de- 
pend only  on  the  straightness  of  the  sides  of  the  original  two  tri- 
angles, or  also  upon  the  size  of  these  triangles  ? 

If  we  know  with  absolute  certitude  that  the  size  of  the  trian- 
angles  has  nothing  to  do  with  it,  then  we  know  somethiog  that 
we  have  no  right  to  know  according  tothe  doctrine  of  evolution, 
something  impossible  for  us  ever  to  have  learned  evolutionalty. 

Yet  before  the  epoch-making  ideas  of  Bolyai  J&nos  and  Loba- 
chevski,  everyone  supposed  vre  were  perfectly  snre  that  the  angle- 
sum  of  an  actual  approximate  triangle  approached  a  straight  an- 
gle with  an  exactness  dependent  only  on  the  straightness  of  the 
sides  and  not  at  all  on  the  size  of  the  triangle. 

But  if  in  the  mechanics  of  the  world  independent  of  man  we 
were  absolutely  certain  that  all  therein  is  Euclidean  and  only 
Euclidean,  then  Darwinism  would  be  disproved  by  the  reductio 
ad  absurdum. 

All  our  measurements  are  finite  and  approximate  only. 

The  mechanics  of  actual  bodies  in  what  Cayley  called  the  exter- 
nal space  of  our  experience,  might  conceivably  be  shown  by 
merely  approximate  measurements  to  be  non-Euclidean,  just  as  a 
body  might  be  shown  to  weigh  more  than  two  grams  or  less 
than  two  grams,  though  it  never  could  be  shown  to  weigh  pre- 
cisely, absolutely  two  grams. 

The  outcome  of  the  non-Euclidean  geometry  is  a  new  freedom 
to  explain  and  understand  our  universe  and  ourselves. 
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SPECTROSCOPIC  NOTES. 

ArrangementB  for  observing  tb«  total  eclipse  of  May  28  have  been  so  far 
completed  as  to  insure  adeqaate  observatioa  b;  well  equipped  expeditiooa. 
Most  of  tbe  large  observatories  will  be  represented  hy  obaerviDg  parties,  uenatly 
of  several  trained  observers,  well  reinforced  bv  amateoreDtbasiasts.  Tbe  ata- 
tioos  are  chosen  for  tbe  mpst  part  in  Nurtb  Carolina,  Georgia,  and  eastern  &tu- 
bama;  in  fact  they  are  probably  less  widely  distributed  tban  they  should  be. 
Given  only  good  weather,  valuable  results  seem  certain. 

Popular  interest  in  the  eclipse  and  its  results  is  evidently  considerable.  Id 
view,  however,  of  the  importance,  beanty,  and  rarity  of  tbe  phenomenon,  tbis 
inlerest  ouKbt,  much  more  frequently  than  seems  now  to  be  the  case,  to  take  the 
form  of  planning  to  be  present  in  person  in  the  path  of  totality. 


Mr.  J.  Lnnt,  Proceedings  o/  tbe  Kojal  Society  No.  425,  describes  ezperioienis 
which  led  bira  to  ascribe  certain  lines  in  some  of  the  belinm  stars  to  silicon.  Like 
Sir  Norman  Lockyer  he  found  these  lines  given  off  by  vacuum  tubes  ander  a 
strong  diaruptive  spark,  aad  traced  them  to  silicon  derived  from  the  glass  of  the 
tubes.  In  experiments  with  silicon  tetraflnoride  tbe  difTercnces  in  the  behavior 
of  silicon  under  different  circumatancesof  discharge  were  exhibited  in  a  striking 


Professor  Campbell  (Astropbfskul  loarnal.  March)  finds  a  variable  velocity 
in  the  line  of  sight  fur  fl  Hereulis.  The  period  or  tbe  variation  is  nnknowo,  but 
seems  to  be  long.  _____„^_^ 

In  the  Astropoaiache  N*ebriehtea,  Ho.  3629,  Dr.  K.  Schwartischild  pub- 
lishes a  moditicatiOD  of  the  method  of  Professor  Lehman  Pilb^  for  the  eonpnta- 
tion  of  the  orbit  of  a  spectroscopic  biliary,  by  which  tbe  labor  of  the  process  is 
abridged.  

Publications  of  Sir  William  Hnggins'  Observatory,  Vol.  I  (WiMiam  Wesley 
and  Son,  London)  contains  Sir  William  and  Lady  Hoggins'  Atlas  of  Representa- 
tive Stellar  Spectra  from  A  4870  to  A  3300.  Tbe  volume  opens  with  a  short  his- 
tory of  the  Observatory,  and  contains,  with  the  Atlas,  a  discussion  of  the  ero- 
Intional  order  of  tbe  stavs  and  tbe  interpretation  of  their  spectra. 


In  the  Aatropbythal  Journa)  for  March  Professor  Campbell  gives  the  theory 
of  the  velocity  of  tbe  Moon  in  the  line  of  nght.  As  Venus  and  Mara  are  not  al- 
ways available  to  test  the  accuracy  of  measures  of  radial  velocity  it  is  some- 
times desirable  to  obtain  sptctrograms  of  the  Moon  for  the  (inrpoae.  The  dis- 
tance, place  of  observation  to  Moon  plus  Moon  to  Sun,  the  change  of  which  is 
thecdcctive  radial  velocity  of  tbe  Moon,  may  vary  at  a  rate  almost  as  great  as 
two  kilometers  per  second.  This  motion  is  divided  into  several  parts,  tbe  ex- 
pression for  each  of  which  is  so  arranged  as  to  be  easily  computed  ftoia  data 
given  in  the  Nautical  Almanac.  In  an  example  Professor  Campbell  finds  for  tbe 
computed  velocity  -|-  1.14  kilometers  for  second,  and  for  tbe  mcasnred  velocity 
-I- 1.46  km.  per  second.  

In  bis  annual  report  President  Eliot  ol  Harvard  University  states  that  Mrs. 
Fleming,  whose  name  appears  in  tbe  Univrrsity  catalogue  as  Curator  of  Astro- 
nomical Photographs,  is  believed  to  be  the  first  woman  who  has  held  an  official 
position  in  Harvard  University, 
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Tbe  Febrnary  nnmber  of  the  Montblj-  Noticti  of  the  Royal  Aatrononii'cal 
Society  coataioa  tbe  aooua,!  report  oF  tbe  Council.  The  ProceedtDgs  of  ObHrva- 
toriea  contain,  in  a  number  of  caaea,  reference  to  apectroKojric  work.  At  the 
Cape  of  Good  Hope  tbe  McCtean  photograpbic  eqaatoreai  hubeen  vaedrntbtbe 
slit  apectrotcope  for  the  atad;  oJ  star  spectra,  yielding  the  discovery  of  oxygen 
and  of  •ilicon  in  certain  stars;  tbe  object-glass  has  now.  however,  been  retamed 
to  the  maker  for  correction.  At  Cambridge  the  work  on  star  spectra  with  the 
Bruce  spectroscope  has  been  bron^fat  to  a  conclusion.  '  At  StonybarM  a  stndy  of 
the  San  with  a  grating  spectroscope  has  shown  about  the  same  dqp-ee  of  sotar 
activity  in  1899  as  in  1S9S;  also,  the  stellar  spectrograph  has  been  used  to  con< 
tinue  the  investigation  of  powible  changes  in  certain  selected  stars.  At  Wolsing- 
ham  the  search  for  stars  with  remarkable  spectra  has  been  continued  with 

Of  the  summary  of  progress  of  astronomy  during  the  year  spectroscopic 
work  is  the  snbject  of  about  one-fourth.  The  advance  in  stellar  spectroscopy  is 
snmmarized  in  a  compact  article  occnpying  four  pagea,  while  two  pages  are  de< 
voted  to  a  reviewjir'SirWiUMmand  Lady  H-nggins'  Atlas  of  Representative 
Star  Spectra. 

Mr.  Wright  {Attropbyaktl  Joaratd,  March)  has  computed  tbe  orbit 
of  tbe  spectroscopic  binary  x  DraconJs  from  the  results  of  38  plates  ob- 
tained with  the  Mills  tpectrograpb  of  the  Lick  Observatory.  For  the  pro- 
jection in  the  line  of  sight  of  tbe  major  axis  he  finds  62,000,000  kilo- 
meters (39,000,000  miles),  with  a  probable  error  of  400,000  km.  (260,000  mi.); 
for  tbe  eccentricitr  0.423,  with  probable  error  0.006;  and  for  tbe  period  281.8 
days,  with  probable  error  0.7  days.  The  spectrum  ol  X  Draconis,  resembling 
that  of  Procyon,  with  the^y  line  of  hydrogen  well  defined  and  the  metallic  lines 
sbarp  and  well  separated,  was  very  suitable  for  measurement. 

Tbe  death  of  Miss  Catherine  W.  Bruce  removes  a  very  Kberal  friend  of  as- 
tronomical science,  by  whose  ready  and  well  directed  financial  aid  the  construc- 
tion of  much  important  spectroscopic  and  photographic  apparatus  and  the 
prosecution  of  many  valuable  researches  have  been  made  possible. 


PLANKT  NOTES  FOR  MAY. 

H.  C.  WILSON. 

Mereury  is  morning  star,  but  too  close  to  the  Sun  to  be  observed.  At  the 
time  of  the  totsl  eclipse  Mercury  will  be  just  a  little  way  west  from  the  Sun  as 
shown  upon  tbe  eclipse  chart  No.  3,  given  in  this  nnmber  of  Popular  Astron- 
OUV.  It  will  doubtless  be  visible  daring  totality  of  the  eclipse  and  observers  not 
in  tbe  path  of  totality  might  well  spend  some  time  in  looking  for  the  planet  at 
the  time  of  maximum  eclipse.  Mercnr;  will  then  be  so  near  superior  conjunc- 
tion that  its  disc  will  be  fatly  illuminated  and  if  those  markings  which  Mr. 
Lowell's  observers  at  PlaKStafF  saw  so  plainly  are  ever  to  be  seen  by  others  this 
should  be  the  time.  It  is  true  Mercury  will  be  on  tbe  farther  side  of  the  Sun  and 
and  its  disc  will  be  Email,  yet  this  would  only  reduce  the  size  ol  tbe  markings  by 
one-half.  For  those,  therefore,  whose  time  is  not  occupied  with  the  study  of  tbe 
corona  and  who  have  the  use  of  telescopes  with  apertures  of  six  inches  and  up- 


.y  Google 


Planet  Notes.  .  283 

wards,  it  may  be  well  worth  the  wbile  to  atady  this  planet  carefnllr'  Mercnrf 
will  reach  anperior  coajinictioii  on  the  morning  of  Maj  30,  bdng  vnj  iiear]peri- 
belion  at  the  aeme  time,  and  after  that  will  be  evening  star. 


^ 


tx. 


>/ 


The  Constellations  at  9  p.  u..  May  1, 1900. 

Veeaa  hat  jnst  pasted  greatest  elonftatioo  east  from  the  San  and  will  this 
month  tnni  in  toward  the  lioe  joining  Earth  and  Snn.  The  phase  of  Venns  is 
DOW  like  that  of  the  half  Moon  and  will  decrease  gradually  daring  the  month. 
Tlie  planet,  however,  will  continne  to  raindly  approach  the  Earth  so  that  its 
brilliancy  will  atitl  increase  np  to  the  6rat  of  June.  Venns,  the  Moon,  the  Pleia- 
des and  the  Hyedea  made  a  very  pretty  group  ia  the  neitern   evening  sky  on 
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April  2.  Venaa  will  be  in  conjnnctioii  with  the  Uoon  again  on  May  2  but  the 
Pleiades  and  the  Hyades  will  be  far  down  toward  tbe  west  at  that  time.  Again 
on  Maj  31  there  will  be  another  coDJanction  of  VeiiDB  and  the  crescent  Moon. 

M»rs  is  morning  star  about  22°  weit  from  the  San,  declination  6°  north. 
Its  angolar  distance  from  tbe  Snn  and  it«  northern  declination  will  etcadilv  in- 
crease throughoat  the  summer  and  eo  the  planet  will  come  into  more  and  more 
favorable  position  for  observation.  Mars  will  be  in  conjunction  with  Mercary 
on  May  3,  MarsbeinK  2°  north  of  Mercury.  At  the  time  of  the  total  eclipse  of 
tbe  San,  May  28,  Mars  will  be  near  the  meridian  toward  the  south,  and  will  no 
doubt  be  visible  to  the  naked  eye  at  tbe  time  of  totality. 

Japiter  will  be  at  oppoEition  May  27  and  so  may  be  beat  observed  during 
the  two  honrs  before  and  after  midnight. 

^'afuro  may  be  observed  between  midnight  and  morning,  being  seen  low  in 
tbe  south  or  southeast,  according  to  tbe  hottr  of  observation,  in  tbe  constella- 
ttoo  Sagittarius. 

E^anns  is  near  Jupiter,  in  Scorpio,  and  may  be  observed  at  the  sane  hours. 

KeptatK  is  now  low  in  tbe  west  in  the  evening,  in  the  constellation  Taums, 
and  practically  on t  of  position  for  observation  for  tbe  remainder  of  this  year. 


Phenonepa  of  Jnpiter'a  Satellites. 


9    52  P.  u. 

I 

Sh.  In. 

10    28    '■ 

I 

Tr.  In. 

12    05  A.  H. 

I 

Sli.Eg. 

12    40    " 

I 

Tr.Bg. 

10    00 P.M. 

I 

Oc.Re. 

10    27    " 

11 

Hc.Dis. 

1     514.M. 

II 

Oc.Re. 

10    52  P.M. 

111 

Sh.  In. 

12    4SA.  M. 

III 

Sh.  Eg. 

12    B7    ■' 

■HI 

Trvln. 

2    35    " 

III 

Tr.Eg. 

8    63  P.M. 

11 

eJ:  ^i 

2    *Oa.m. 

I 

XI    46  p.m. 

I 

Sh.  In. 

12    13  a.m. 

I 

Tr.  In. 

1    59    " 

I 

Sh.Eg. 

2    25    " 

I 

Tr.B^. 

9    09  p.m. 

I 

11    44    " 

I 

Oc.Re. 

8    28    " 

I 

Sh.Eg. 

8    51    '• 

I 

Tr.  Eg. 

1    01  *.  U. 

11 

he.  Dis. 

i    07    " 

II 

Oc.  Re. 

2    49    ■' 

111 

Sb.  In. 

4    16    *' 

III 

Tr.  In. 

8    45  P.M. 

II 

Tr.  In. 

10    S3    " 

II 

Sh.  Eg. 

11    09    " 

11 

Tr.  Eg. 

1      40  A.  M. 

I 

Sh.  In. 

1    67    '■ 

Tr.  In. 

3    53    " 

I 

Sh.  Eg. 

4    09    " 

I 

£:S; 

11    OiP.M. 

I 

17      1 

28  A.  M. 

Oc.Re. 

8 

09  P.  M. 

Sb.  In. 

8 

23    " 

Tr.  In. 

10 

22    " 

Sh.Eg. 

10 

35    " 

Tr.^. 

21    10 

40    " 

Sh.I?. 

10 

58    " 

Tr.In. 

22      1 

07  A.  U. 

Sb.^. 

1 

22    " 

g:^-. 

24    12 

67    " 

3 

12    " 

Oc.Re. 

9 

08  P.M. 

III 

BcDb. 

10 

03    ■' 

Sb. In. 

10 

07    '■ 

Tr.In. 

11 

06    " 

III 

OcRe. 

25    12 

16  A.M. 

Sh.  Eg. 

12 

19    " 

Tr.Eg. 

7 

25  p.  M. 

9 

39    '■ 

Oc.Re. 

29      I 

12  a.m. 

Tr.  In. 

1 

14    " 

Sh.  In. 

3 

38    " 

Tr.  Eg. 

3 

42    ■' 

Sh.  Eg. 

30      7 

21   P.  M. 

OcDis. 

9 

55    '■ 

Ec.Re. 

31       2 

53  A.  M. 

Oc,  Dis. 

4 

59    " 

Ec.Re. 

11 

51  P.  M. 

Tr.  In. 

11 

57    " 

Sfa.In. 

1    12 

41  A.  M. 

III 

Oc.Di>. 

2 

03    " 

Tr.  Eg. 

2 

10    " 

Sh.B|. 

2 

62    " 

HI 

Ec.Re. 

HoTB.— In.  denotes  ingress;  Eg'i  egress;  Dis,,  disappearance;  Re.,  reappear- 
ance: Be.,  Eclipse;  Oc.,  occnltation;  Tr.,  transit  of  the  satellite;  Sb.,  transit  of 
tbe  shadow. 
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Jupiter**  SatelUtM  for  Hay. 

Phages  of  the  Bcliptet  of  tie  S»teIJitta  tor  aa  Inverting  Telescope. 


ConSgnrations  at  II'  30^  fyr  an  larertiog  Telescope. 


? 3  O    '  a 4- 

3 ■■      O        a-  -3 V 

4 i^ O  ■'  4-        -3 , 

5 1  O^. 3-  !• 

6 4-  O^-         ■■        a- 

7  4-  3-  ,'.'      O 


9 

4- 

■3 

o 

■2 

■!• 

.o 

■4 

I-       o 

\ 

11 

■4 

2- 

o 

-1 

■3 

u 

■4 

■2   O 

3- 

'3 

■4      O 

3-    '■ 

■i 

■4 

3. 

1      2-   O 

■4 

'5 

3- 

1 

o 

1- 

■4 

■3 

o 

■2 

■4 

■I* 

17 

I-  o 

■3       2- 

■3 

z- 

o 

■3 

3- 

'9 

I 

■2       O 

3- 

4* 

30 

o 

3-    I 

■3 

21 

Oa- 

3' 

I        o 

4- 

S3 

3-              -2             4-      O         ■■ 

as 

4' 

3 

■I  o 

■a 

a4 

oi- 

4- 

o 

■3« 

.7     I 


29 

3-         ■^.. 

0           I- 

30 

■3 

■10-2 

■4« 

31 

■3 

Or 

»--4 
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Variable  Stars. 


VAJUABLE  STARS. 


J.  A.  FARKHURST. 

Minima,  at  the  Variable  Stara  of  the  Algol  Type. 

(OtTeo  to  the  Deamt  honr  In  Onciiwlcb  Time.) 
1900. 


U  OPHIDCHI. 

Et«7  lOtli  min. 

P  =  20M 


y  CYGNI. 
Even  min. 


S  CANRCRI. 


U  CORONAE. 


Z   HERCULIS. 


JuDe         3       14 

July  1       13 

2P  =  a-"  23^8 

W.  DELPHINI. 


19        22        June 


2P  =  a'  23*.8 


2P  =  2*  as".© 


Maxima  and 


MAXIMA. 

Il.y.  Star. 

3  RTCysni 

4  S  Virgioi* 

5  TColumlKe 

5  V  Geminorum 

5  TP«gaii 

6  U  RootiB 

9  V  Cauiopcfi 

10  S  L«onU 

12  V  Libra 

13  ULyrc 

16  Z  Virginia 

17  WLyra 

18  S  Aqaarii 
18  RCcti 


Minima  of  Long  Period  Variable*. 

1900  July. 

MAXIMA.  MINIMA. 


20  U  Cassia  pea 

20  ZAqnarii 

20  RRCygni 

20  RZCygni 

22  S  Urase  miooria 

24  Y  Virginia 

25  R  Cepricomi 
25  R  Virginia 

27  SPegaai 

28  WOpbinchi 

30  XAqnarii 

31  oCeti(Mira) 
3L  R  Comae 


D»y- 


star. 


Ophiuchi 

9  V  Bootis 

11  W  MoDocerotia 

11  SSaKitterii 

14  R  Peraei 

19  SCepbei 

20  TCephd 

28  SArietia 

29  — Pejfaai* 


NOTES  TO  TBB  BPBBMBRIS.—Por  ttaia  month  it  cootaina  only  tfaoae  atara 
which  are  given  In  Dr.  Hartwig'a  ephemeria  in  the  VkrteSabrsscbriA,  and  the 
long  period  ephemeria  ia  eaaentialiy  in  the  form  there  given. 
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Variable  Stars. 


ADDITtONAL  NoTBS. 

O  GB]ltINOItUSi.~-Tb\»  star  was  found  nonnal,  13.4  magnitude,  bj  Zac- 
cheu*  Daniel,  1900  March  26.57,  Greenwich  Time,  and  9.8  maKnitode  bj  the 
writer,  March  30.60.  At  this  writioK,  April  9,  it  is  still  a  little  brighter  than  the 
11th  ma^itude,  snowing  it  to  be  a  "long"  maximunt.  i 

S.9  CYGNL— The  late  maximum  waa  covered  by  11  observations,  8  by  Zac- 
cheus  Daniel  and  3  by  J.  A.  Parkhnrst.  It  waa  fonnd  oormal  by  Daniel  1900 
March  2.91  (i.  c.  11.2  majiniitnde);  and  slif;htly  brighter,  abont  10.8  magnitude, 
March  3.50.  It  was  found  in  full  liKht,  8.46  maKnitode,  by  Parkhnret,  March 
6.96.  It  reached  normal  light  abont  March  23,  showing  this  to  be  a  maximum 
of  the  ordinary  "long"  type,  dnratioo  20  days.  The  strange  thing  is  that  the 
previoas  mazimnm,  that  of  1900  January,  was  also  long.  PreTioas  to  this, 
there  has  been  no  break  in  the  regular  altematiOD  of  short  and  long  types,  since 
the  two  SDGceasiTe  short  max  ma  of  March  and  April,  1897,  with  the  exception 
of  the  abnormal  maximum  of  1899  NoTetnber,  which  did  not  interfere  (at  least 
immediately)  with  the  regular  order. 

Report  of  Rotiadoii  ObBei*vator;jr.*— Obaerrationa  of  long  period  varia- 
ble Star*  during  the  ^ear  1899,  bv  Sir  Cnthbert  E.  Peek,  Bart.,  M.  A.,  F.  R.  A.  S., 
C.  Graver,  assistant. 

On  167  nights  in  1699  570  magnitnde  determinations  were  made.  During 
the  14  years  this  work  has  been  in  progress  6,248  magnitade  determinations 
have  been  made,  each  conaisttng  of  five  viaual  compariaona.  Thus  during  1899,' 
3,420 estimates  of  brightncas  have  been  made. 

Instrument  used,  a  S.4  inch  Merz  relractor,  powers  34,  80  and  132.  A  13.5 
magnitude  alar  ia  the  limit  of  vision  (on  the  H.  C.  0.  photometric  acale), 

Abont  30  long  period  variables,  mostly  circumpolar,  are  syatematically  fol- 
lowed, continuously  through  the  year.  In  14  years,  246  maxima  and  214  mtn- 
ima  have  been  observed. 


Fob  1899. 


TC.M ■  ApHin  ! 

Ip;,'„,y;:::;::i  =i  i 

R  AurlKir I  April  17  , 

UOrlonli ■'      H 

DLyncli I  Am.    9  ! 

|t-?::::|«J| 

S  ■•  ••_  ....  July  M 
S  Boo4ii....'!.*!|  Jgly  3  ' 
HCanclap"!::;  May    1  j 


I  ]  Sepl.  2 


1.3  RUra.Mln. 

1.7  li  RDiKonis. 

0.0  '  R        ■■        . 

—  :i  SHcrcuIls. 

■"  li  TDwconH. 

II  HCvKnL... 

X     ■■  .... 

s    "  ::;. 

TOphtl... 


'  During  the  year  17  maxima  and  22  minima  have  been  observed. 

Variable  Star  Notes  No.  4,  containing  observations  of  J?  and  X  Cygni  for  10 
ara,  1887  to  1896,  and  No.  S.  containing  U  Ononis  and  S  Herculis  for  13  years, 
i86  to  1898,  have  been  published  and  distributed. 

*  BxtTtiCt  from  On  Joaraal  of  tbeBHtlMb  AittaoomtcalAuacitI ion. 
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Nbw  Vaxublb  Stars. 
Tbc  atar  BD.  +  4i6°2g66  has  been  fonnd  Tariable  from  the  pfaato;n^ph  by 
Mr.  k.  Stanley  Williami,  and  coDfirmed  by  Proi.  DricbmillleT.    (A.  K.  Noa.  S629 
aiid3632).    The  position  of  tbe  star  it— 


The  range  ao  far  obaerved  baa  been  from  7.0  to  10.0  maKBitade.  A  period  ol 
31.0  days  Batiafied  the  obaerrationa  of  Mr.  Williama,  bat  Prof.  Deichmiiller  con- 
ridert  that  it  maj  he  IS  days.  This  atampa  it  aa  a  variable  of  nnuanat  interest 
and  it  should  be  closely  watcfaed. 

Rev.  Anderaon.  baa  foand  to  be  variable  an  anonymoas  star  in  the  position — 
R.  A.  20"    8.5-,  Dec. +  4.6"     12',    (1855) 


The  obaerved  mafcaitudes  a 


COMET  AND  ASTEROID  NOTBS. 

Comet  a  1900  (Gimcoblnl).— la  ^strooomtscAe  AacitrfcAteo  No.  3627,Dr. 
Berberich  gives  the  followiag  approximate  ephemeria  of  Giacobini's  comet,  which 
shovrs  that  the  comet  irill  be  nearest  the  Earth  abont  Aug.  I,  but  that  it  will  be 
brightest  theoretically  abont  July  1.  It  will  be  favorably  situated  for  observa- 
tion dnring  all  of  the  aummer,  but  will  become  rapidly  ftiinter  in  the  antunm,  be> 
caase  of  its  recession  from  the  Earth. 

Epheubkib  op  Couet  a  1900. 


R 

A.                  Decl.  ^ 

logr. 

log  J.           Br 

April    a? 
\ffty    29 

33-a           +  17 

38 

0.1I4S 

0.3622           0.9 

09.0           +  27 

07 

0.1483 

0.2863           I. 

June     30 

46.9           +  41 

3' 

0.20S5 

0.1376           I. 

int.      ' 

36.3           +  41 

0.2794 

0.0778           1. 

Sept.      2 

39-^           +  «7 

SO 

0.3473 

0.3633           "■ 
0.4316           0. 

Oct.       4 

B 

piM 

*3-2           +    5 

55 

0.4081 

R.A. 

0  ^'-  „ 

log -J. 

May 

2 

16    10    14.9 

-"3     36    58 

0.1585 

6 

7    07-9 

13    25    29 

0.1521 

,       3    43-4 

«3    >4    14 

0.1468 

"4 

16    00    05.1 

13    03    26 

0.1427 

18 

21 

IS    56    '7-3 

5a    H-S 

13    S3    21 

13      44      II 

j;pi 

36 

48    3"-6 

12    36    11 

cjSo 

30 

'5    +4    43-5 

-12    29    36 

0.1390 

Opposition,  May  31.    Magnitudes  9.1. 
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General  Notes. 


GENERAL  NOTES. 

We  have  added  sixteen  payees  to  the  DSual  size  of  this  pablication  to  print  a 
reriK  of  Professor  Hatsted's  article  oa  Non-Euclidean  Geometrj.  Bad  Bervice  b; 
an  express  compaay  makes  this  nectesar;. 

Goodsall  Ob«erTatary  EcIIpa«  Expedition.— We  are  now  planning 
for  a  trip  to  the  line  of  totality  of  the  eclipse  of  Mar  2S>  1900.  at  a  point  proba- 
blj  in  North  Carolina.  If  sncb  a  plan  should  be  carried  out,  the  nextissaeof 
this  publication  will  be  delayed  until  about  the  middle  of  June. 

Not«  SDppl«ui«atal  to  Paragraph  Eadiag  near  Bottom  of  Pa(e 
238> — Since  writing  that  paragraph  satisfactory  resnita,  as  far  as  contrast  is 
concerned,  have  been  obtained  by  the  use  of  a  strooRi  hydrochinon  developer. 
By  this  means  all  tbe  contrast  needed  can  be  obtained  even  on  the  most  rap^d 
plates,  without  in  the  least  diminishing  their  rapidity.  For  my  own  work  I  in- 
tend to  use  Seed  27  plates  ezclnsivelj.  Some  of  the  negatives  of  the  inner  cor> 
ona,  where  plenty  of  contrast  is  usually  sfaonn,  will  be  developed  with  rodinaJ, 
one  part  in  thirty-two  of  water.  All  negatives  of  tbe  outer  corona  will  be  de- 
veloped with  hydrochinon,  by  Cramer's  lormala.  By  this  plan,  since  rapid 
plates  may  be  used  instead  of  slow  ones,  the  exposares  above  recommended  may 
be  reduced  from  ten  to  fliteen  times. 

Cramer's  Hyi>BocamoN  Dbtbloper. 
1. 

Water 25  oz. 

Sulphite  of  Sodium  Crystals 8  " 

Hydrochinon Vi  " 

Bromide  of  Potassium ^  " 


Water 25  o». 

Carbonate  of  Sodium  Crystals 6 

Mix  equal  parts  for  use,  and  develop  not  over  mx  or  eight  minutes  at  a 
temperature  of  10°.  Carbonate  of  Sodinm  Crystals  6  oz.  (also  called  Sal  Soda 
or  Washing  Soda)  are  equivalent  to  2^  t>*.  when  pulverized  and  dried.  Sniphite 
of  Sodinm  3  oi.  are  equivalent  to  IK  oz.  when  dried  or  granulated. 

WILLIAU  H.  pi(;ebring. 

Mbadow  View,  Chatham,  N.  J.,  April  16,  IftOO. 

Editor  of  Popular  Astronout:— Will  you  allow  me,  through  your  maga- 
xine,  to  call  the  attention  of  readers  of  my  book,  "Star'NanKB  and  tbtir  Meaa- 
mga,"  to  my  error  in  omitting  to  give  his  due  share  of  credit  to  B.  T.  A.  Innes, 
Esq.,  of  the  Royal  Observatory  at  the  Cape  of  Good  Hope  in  the  discovery  of 
tbe  new  "runaway  star"  in  Pictor.  This  omisrion  occurred  on  page  214,  and  ia 
repeated  on  page  446  in  the  remarks  on  "1830  Groombridge,"  where  I  assigned 
the  discovery  solely  to  Professor  Kapteyn,  making  no  reference  to  Mr.  Innei, 

J  exceedingly  regret  this  omission,  and  all  the  more  as  the  original  annonnc^ 
ment  bj  Professor  Katepyn  in  the  Nacbricbtea,  No.  3466,  was  explicit  as  to  Ur. 
Innes'  large  share  in  the  discovery . 
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As  the  tallfr  has  sent  tar  the  Royal  Ob»er»atory  Kepoit  for  1897,  with  the 
detailed  history  of  the  discovery,  I  treoscribe  and  inclose  what  Doctor  Gill,  tbe 
Director  of  the  Observatory,  baa  to  say  od  the  subject.  Some  part,  or  indeed 
the  whole,  of  this  yoa  may  think  of  interest  in  your  columna,  lor  the  star  in 
question,  as  you  know,  shons  the  greatest  proper  motion  as  yet  determined. 

RICHARD  H 


Report  of  Her  Majesty's  Astronomer  at  tbe  Cape  of  Good  Hope  to  the  Secre- 
tary ol  the  Admiralty  ior  the  year  1S97,  IStlS.— "But  by  lar  the  more  intciesting 
result  of  this  cTamination  has  been  thediacov<ry  of  ao  8th  tnagnitude  star  hav- 
ing annual  proper  motion  amouDting  to  nearly  9"  of  aic  in  the  great  circle,  tbe 
largest  proper  motion  yet  koowa. 

In  regdn)  to  this  star  (Mo.  S  of  List  t.)  Kapteyn  had  remarked— No.  8,  S'  6" 
40*.6,  4^°  58'.2,  Z.  C.  V.  243,  Mag.  8.    'Certainly  missing  on  two  plates.' 

On  1897,  February  3d,  Mr.  Innea  looked  for  this  star,  and  fonnd  none  in  tbe 
given  posiiiun,  but  he  found  a  full  yellow  star,  8.3  Mag.,  about  16  seconds  in  S. 
A.  from  the  required  place.  The  following  day  I  transmitted  to  Professor 
Kapteyn  this  note  of  Mr.  Innes,  with  bis  qnery  'Do  you  find  the  star  5''  6"  66'.0, 
44°  58' on  the  C.  P.  D,  plates?  It  is  difficult  t»  think  the  Z.  C.  wrong  16*  on 
two  occasion!),  or  that  the  bright  star  5''  6"  56*  could  have  been  overlooked. 
Can  this  be  proper  motion?" 

On  August  24th  Kipteyn  wrote  requesting  that  the  star  in  question  staonld 
be  again  luoked  up,  because  tbe  observations  now  stood  thns: 

Gould,  2  C  1873  0  8  5"  S-"  40'.6  —44=  58'.2  2obs. 
C.  y.  D.  1890,1  9  2  6  50  .8  59  .5  4  obs. 
Innes  1897-0  8.3  6      56.0  58.0  

The  R.  A.  agreeing  very  well  on  tbe  supposition  of  a  proper  motion  of  0".64, 
but  not  so  the  Declinations,    Could  there  be  a  mistake  in  Mr.  Innes'  Diclination? 

On  September  22  I  replied  that  there  was  no  doubt  that  the  star  C.  Z.  V, 
243  is  the  star  of  greatest  known  proper  motion,  that  Innes'  observation  of 
1897.0  had  not  been  an  oliservation  in  Declination,  because  finding  no  star  in  the 
required  R.  A.,  he  had  eimply  noted  the  neighboring  star  differing  15*  in  R.  A. 
and  having  about  the  same  Declination  as  the  missing  star.  But  on  February 
15th  he  had  re-observed  the  star  and  found  a  5"  6™  56',  5 —  45"  0'. 4.  and  that 
the  estimated  motion  of  the  star  on  one  of  tbe  catalogue  plates  made  a  proper 
motion  of  about  +  0',64  and  —  O'.l  in  Declination  certain. 

On  October  27tb  I  forwarded  results  of  two  meridian  observations  of  the 
star  made  on  October  23d  and   24th.    A   preliminary  note  has  been  communi- 
cated to  the  Astr.  Nach.,  No.  3464,  by  Profewor  Kapteyn.    A  complete  investi- 
gation of  the  proper  motion  and  parallax  of  this  remarkable  object  will  be  made  , 
at  the  Cape."  

Professor  Henry  S.  Prltchett,  Superintendent  of  tbe  Coast  and  Geodetic 
Survey,  has  resigned  his  place  to  accept  tbe  presidency  of  the  Massacbnaetts  In- 
stitute of  Technology  of  Boston.  He  was  the  younge«t  superintendent  that  tbe 
Coast  Survey  has  ever  bad,  and  he  has  been  one  of  the  most  capable.— SCMOtifc 
jtmerrcan,.  April  14. 

RotKtloa  of  Venns.— A  telegram  has  been  received  at  the  Harrard  College 
Observatory  from  Professor  Krentz  at  Kiel,  Germany,  stating  that  he  has  infor- 
mation from  Professor  Backlnnd,  Director  of  tbe  ObBcrvatory  at  Pulhowa,  Riia- 
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eia,  that,  from  a  iliscuuiun  ofapectrograms,  Belopolsky  baa  found  tlie  time  o{  ro- 
tation of  Venus  to  be  ibort. 

This  telegram  wat  distributed  to  American  astronoitierB  April  10.  It  will  be 
remembered  bj  tbe  reader  tbat  tbere  has  been  considerable  difpule  between  ob- 
Bcrverii  of  the  sarface  markings  of  VeaoB,  as  to  whether  the  period  of  rotation  is 
apprnxiraatelv  twenty-four  hours  or  is  equal  to  the  period  of  revolution  aronnd 
tbe  Sun,  225  dajs.  We  abali  await  with  Kt^at  interest  tbe  details  of  Professor 
Belopolskf's  obser  va  t  ions . 


The  Totftl  Solar  Eclipse  of  May  28.— So  far  as  known  at  present,  tbe 
arrangement  of  British  observing  parties  is  as  fallows : 
Official  Expeditions. 

Orsr. — Tbe  Astronorner  Royal  will  take  large  scale  photographs  of  tbe 
corona,  using  the  Tbcimpson  9  inch  object-glass  asd  telepboto  concave  magni' 
tier  to  obtain  photographs  on  the  scale  of  4-  inches  to  the  Snn'B  diameter  on  15 
bv  15  inch  plates.  The  double  tube  with  a  4-inch  rapid  rcclilioear  lens  of  33- 
incb  focus  and  a  special  rapid  lens  of  about  13  inches  focus  will  be  used  in  an  at- 
tempt to  obtain  photographs  of  long  extensions  of  the  corona.  Mr.  Dyson  will 
have  in  bis  charge  two  slit  spectroscopes  belonging  to  Capt.  Eiills  and  used  by 
him  in  India  in  1898,  with  which  to  photograph  tbe  spectrum  of  the  flash  and  of 
the  corona. 

Alicante. — Sir  Norman  I^ockyer,  who  will  probably  be  accompanied  by  Mr. 
Fowler  and  Dr.  Lockyer,  will  be  stationed  near  the  central  line  south  of  Alicante. 
Tbe  chief  inslmments  to  be  used  here  are  prismatic  cameras,  one  of  w.bicb  will 
have  an  aperture  of  6  inches  and  a  focal  length  of  20  feet. 

i4/g/crs.— Professor  Turner  and  Mr.  Newall,  will  be  stationed  at  tbe  Observa- 
tory of  which  M.  Trepied  is  Director.  Prof.  Turner  will  have  one  of  tbe  donble 
tubes  which  have  been  used  in  several  previous  eclipses.  One  section  will  be  fitted 
with  apparatus  for  photoKraphing  the  corona  by  polarized  light,  the  other  will 
possibly  be  utilized  for  taking  ordinary  photographs  of  the  corona.  Mr.  Newall 
will  use:  (A)  a  four-prism  slit  spectroscope  for  photographing  the  spectrum  (i) 
of  the  flash,  (ii)  of  tbe  corona;  (B)  an  objective  grating  camera  for  photograph- 
ing the  corona  in  m^jnochromatic  light;  (ij)  a  polariscope  camera  for  photograph- 
ing the  corona. 

Prof,  C.  V.  Boys  and  Mr.  Wesley  will  probably  be  also  members  of  tbe  official 
party  at  Algiers. 

Mr.  Evcrshed.  will  proceed  to  a  spot  about  20  miles  south  of  Algiers,  which  is 
just  within  the  limit  of  totality.  This  place  is  chosen,  as  it  is  his  purpose  to 
obtain  photographs  of  tbe  "flish"  spectrum  of  as  long  duration  as  pussible,  and 
near  the  Sun's  pole- 

Brltlsh  Aatronomical  Aaaociatlon  Expeditions.  Algrlero.— Mr.  and 
Mrs.  Maunder  and  family,  will  take  short  exposure  photographs  of  tbe  inner 
corona,  and  will  also  take  photographs  of  long  enposore  for  extensioDS.  A  pris- 
matic opera  glass  will  be  nsed,  if  circamstances  will.allow.  Mr.  and  Mrs.  Crom- 
melin,  will  use  a  tele.pboto  lens  of  about  80  inches,  eqaivelent  focal  length  and 
aperture  1^  inches  to  take  photographs  of  the  inner  corona.  Tbey  will  also  ob- 
serve times  of  contact,  and  make  sketches  at  the  telescope  of  detail  of  the  inner 
corona.— Tie  Obaervatorj.  April,  1900. 
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Obaervatorle*  In  tb«  United  State*   havlnj^   Beftacting  Tele- 

acopes.— From  the  CoDgreaeiona!  Record  of  April  11,  we  cop;  the  following  list 
of  uleecopes  in  the  United  States:— 


Yerm 


rrslly  of  Chkm 


Uander  MiConnftk  (Unlwrstly  of  \ 

u».'; 

Hilsteod  (Princeton  Unfvttslty) 

Chamb«rMn  lUnivtnlly  of  Dcnvcc)... 

Smlthsonlin  Insiliuliun 

NonhweslerntDtarlxinil  University. . 

Bower 

GoodHlC  iCirltton  ColiejeJ 

'Lowe 

Wwhbum  (University  of  Wijconslrl. 

Harvard  CoHeee 

Univcnityof  Missixippi 

LitcbfieU  (Hanlllon  Coileicel 

Colunbia  Unlverslly 

Wettcm  Unlvanlly  ot  Pennsylvania.. 

DeRoillUnlvtrsltyol  Michiein) 

Moirison 

Evarson  McMlllIn  (Cbio  Stale  Univen 

West^aiiiVjUnlled'SUIMMiuiiry'A 

LaMlBroifiiUnlveji'liy)!!!!.!'.!!!.!! 

Vmiar  College'. -..--.. '■■■".--- 

Wesleyan  (Jnlvenlty 

Unlvcnliv  of  Qndnnatf 

Daniel  Scboll  iFranklln  and  Marahall  Col- 

Sn^  (Hoban  CoHHeV !!!!!!!!!!!! : 

[Set  alio  Hoban  ColleEt  below.]... 

BiKknellUnlvtrally. '.'.''.'.'.'.'.' .''.'.'.'.'. 

Haverfoid  ColleM 

Johns  Hopkins  Onlvcnlly 

McKlai  iDe  Pauw  Unlverslly) 

BclollCollan 

Shailuck  •tJannoulh  ColleK*> 

Hartford  PuMIc  High  Sf  tKW( 

Calholle  Unlverslly 

Hoban  CoIMn  [5«e  alia  Smiih  ObMrva- 

aloiy  above]   

VandetMH  Ual  versliy 

Yal*  Univenlly 

Duifee  High  School 

lowaCollase 

Moml  Ho^keCoiian 

Alabanu  Univenlly 

Hoklta  Menorlal  (Syracui*  Univenlly).. 
AnnapoIlK  lUnlttd  Suits  Naval  Acad— - ' 

Unlvetslty  of  Mstouri 

Amhenl  ColltKt. 

Bosloa  Unlvmlty 

Unl*tra1ty  of  INInols 

Withhifliui  Un'venhy 

Bates  Collwt 

Students'  (Dnivenlly  of  California)., 

Swanhmon  CoiltEt 

KnoiCoileiEe 

Central  Hjjth  School...... 

Bowdein  Conect * 

CreiEhion  Unlvenllf 

Iowa  Univtisity 

Gtorielown  Univenlly 


mondSione... 


...n.  W.Payne  ,. 

Lewis  Swift 

Gturge  C  Comstc 


C,  V?,  WllVlieitV.'. 
Henry  C.  Lor*.... 


■  Dtrby,  Pa. 

Mountain.  Cal 

. .  Maaison.  Wit. 
..Cambridge.  Mass. 
..  0>f  Old.  Miss. 


..  Cuiumbus,  Ohio. 


J.N.Ftilows 

DavidP.Todd 

J.  B.  Coll 

G.W.Myers 

Wm.  H.  ftotver... 
"     rK*C. Chase.., 
in  O.  Uuschnt: 


'.'■  WeslVoli 


,.  Pouihkeepsie.  N.  Y. 
. .  Middletown.  Conn. 
..  Cincinnati,  Ohio. 
..  Uncasler.  Pa. 

,.  Geneva.  N.V. 

..  Api.lMon.  Wis. 


v.r.  N.  H. 
ord.  Conn, 
ilngton,  D,  C. 

,.  Nashville.  Tenn, 
,.  New  Haven.  Conn. 
..  Fall  Klver.  Mast. 
.  Grinnell,  Iowa. 
,.  South  Htdley.  Man. 

..  Syracust.!).  Y. 
tt  Annapolis.  Md. 

. .  Colutibli.  Mo. 
,.  Amheni,  Mast. 


St.  Louis.  - — 


y,  Cal. 
>re.  Pa. 


' "  "  laha.  Nebi 
,.  ..ra City,  la 

..  Washincton. 


Following  this  table  it  fonnd  a.  ver?  inatrnctive  •tatement  regarding  the 
eqnipment  of  these  obserratories,  a  part  of  which  foDowa : 

Feries  Obserratoij  of  tbe  Daireraitj  of  Chicago,  located  at  WiV/iaoM  B»f, 
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Wis.,  Oeorge  B.  Bak,  Director.— The  Yerbes  Observatory  hat  the  form  of  a 
I/fttia  croM,  the  longer  azie  of  which  lica  due  eait  and  we«t.  The  90-foot  dome, 
which  coDtaina  the  40-iDch  telescope,  ii  at  the  western  extremitj  of  the  bnildiog. 
At  the  eaatem  extremity  h  the  meridian  room,  and  the  26-fbot  and  30-fbat 
domcB  teruitMte  the  n<Xfth  aod  ao^th  tranaepta.  The  motiMW-  o^  the  great 
dome,  the  riaifig  floor  which  )(<▼<■  Bcccta  to  the  teleacope  in  all  ita  poaitiana,  and 
the  teleacope  itarif,  are  obtained  by  electric  motora. 

The  large  teleacope  ia  provided  with  all  neceaury  acceaaoriea,  iaclading  po- 
rtion micromrter,  aotar  epcctroacope,  atcllar  spectrograph,  apectrobeliograph, 
and  photoheliograph.  In  the  26-foot  dome  ia  mounted  the  12-incb  refractor, 
formerly  at  the  Kenwood  Obaervatory  at  Chicago,  the  entire  tnatramcntal 
eqaipment  of  this  inatittttion  having  been  donated  to  the  Yerkes  ObaerratoTy, 
In  the  30-fbot  dome  a  24-tnch  reflecting  teleacope  ia  motinted.  The  mirror  of 
this  inatrnment  waa  made  by  Mr.  W.  G.  Rttchey,  optician  of  the  Yerliea  Obaer- 
Tatory.  Between  the  small  domes  is  the  heliostat  room.  Within  the  heliostat 
room  are  the  mirrors  and  radiometer  used  by  Profcaaor  Nichola  for  bia  meaaurcB 
of  stellar  heat  radiations.  In  the  meridian  room,  a  amall  aniveraal  inatmmeat, 
now  at  the  stndents'  observatory,  was  formerly  nsed  for  latitude  and  time  ob- 
servations. A  3^-ipch  transit  instmment  is  available  for  nse.  The  body  of  the 
bnildiog.  between  the  domea,  ta  divided  into  laboratories  for  physical  and  chemi- 
cal work  and  offices  for  members  of  the  staff. 

The  principal  work  of  the  Observatory,  under  the  director,  George  E.  Hale, 
inclndes:  1.  Observations  of  donble  stars  with  the  40-inch  teleacope.  by  Profca- 
aor Bumham.  2.  MicrometHc  observations  of  star  clusters,  nebnife,  planets, 
aatellitea,  cometa,  elc,  with  the  40  inch  telescope,  by  Profcaaor  Bemard.  3. 
Photographic  stodies  of  stellar  spectra  with  the  40  inch  telescope,  by  Piofessor 
Hale  and  Mr.  Bllermao,  4.  Determination  of  the  motion  of  stars  toward  or 
from  the  Earth  and  of  the  motion  of  the  solar  system  io  space  with  the  40-inch 
telescope,  by  Profrssor  Frost  and  Mr.  Ellerman.  5.  Sprctroacopic  observa- 
tions of  the  Snn  and  pbotogiapbic  work  with  the  apectroheliograph  attached  to 
the  40-incfa  telescope,  hy  Professor  Hale.  6  Stellar  and  nebular  photography 
with  a  6-incb  poitrait  lens,  by  Prolessor  Barnard,  and  with  the  24-i»cb  reflect- 
ing teiescope,  by  Mr.  Ritchey.  7.  Miscellaneous  apectroacopic  and  bolometric 
work.    8.    Traneit  obaervatinna  for  the  time  service,  by  Mr.  Adams. 

Licl  Obaervatorj  of  tbt  Daiwrsitj  of  California,  located  at  Moant  Hamil- 
ton, California,  J.  E.  Keeler,  director.— The  Observatory  consiata  of  a  main  bnild- 
ing  containing  computing  rooms,  library  and  the  domes  of  the  36-iuch  iqna- 
torial  and  the  12  inch  eqaatorial,  and  detached  buildings  to  shelter  the  Crossley 
reflector,  the  meridian  circle,  the  transit,  the  horizoDtal  photoheliograph,  the 
portable  equatorial,  and  the  Crocker  and  Floyd  photographic  telescopes.  On 
the  ground  arc  dwelling  houses  for  the  astronomers,  stndents,  and  employees 
end  shops  for  the  workmen. 

The  Ohaervatory  ia  fully  provide  with  instrnments,  some  of  which  are  the 
36-inch  equatorial  obiective,  by  Alvan  Clark  &  Son,  mounting  by  Warner  8i 
Swaaey;  this  instrument  has  alao  a  photographic  corrector  of  33  inches,  figured 
by  Alvan  G.  Clark:  3-fbot  reflecting  telescope;  12-incb  equatorial;  6-inch  Bruce 
comet-seeker;  6^eqnatorial  mounting;  5-inch  Floyd  telescope;  61^  inch  meridian 
circle;  4  inch  transit:  4'inch  comet  seeker;  5-incb  horizontal  photoheliograph; 
Crocker  photographic  telescope;  a  spectroscope,  specially  adapted  for  pho- 
tography, given  by  Hon.  D.  0.  Milts  for  use  with  the  36-inch  refractor:  a  spec- 
troscope specially  adapted  for  photography  with  the  Crossley  reflector,  and  two 
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photometers  for  nae  witb  the  36-inch  and  12-iiich  telescope*  have  been  provided 
from  the  proceeds  of  a  gift  from  Miss  C.  W.  Bruce,  of  New  York  City.  There 
are,  besides,  maaj  minor  pieces  of  apparatus. 

The  scieutific  work  of  the  Observatory  is  under  the  director,  James  B.  Keeler. 
The  students'  observatorj  at  Berkeley,  Cal.,  described  elsewhere,  belongs  to  the 
Unirersity  of  California. 
,  The  genera)  policy  is  to  carry  on  inveati)(ationa  which  cannot  be  pursued  to 
so  great  advantage  etsewbere.  The  observatory  makes  the  most  of  its  natural 
advantages,  and  extended  theoretical  researchcH,  which  can  be  made  as  well  in  a 
city  as  at  a  fine  observing  station,  do  not  form  a  part  of  the  general  plan.  The 
variety  of  instruments  makes  the  field  covered  quite  a  wide  one. 

The  principal  work  Is  devoted  to  spectroscopic  determinationB  of  the  mo- 
tions of  stars  in  the  line  of  sight,  by  Professor  Campbell,  assisted  by  Mr.  Wright; 
and  micrometric  work  and  observations  of  the  satellites  of  Neptune,  Mars,  and 
Uranusi  measures  of  planetary  nebuls.  for  parallax:  measures  for  determining  a 
possible  refractive  effect  on  stars  by  the  head  of  Swift's  comet,  by  Professor  Hus- 
sey  and  Messrs.  Ferrine  and  Aitkin;  observations  of  comets,  and,  in  the  case 
of  expected  comets,  for  purposes  of  discovery;  measurement  and  discovery  of 
double  stars,  by  Messrs.  Hussey  and  Aitkin;  astrophyaical  researches  and  pfao- 
tograpfay  of  nebuls,  by  Professor  Keeler  and  Assistant  Palmer;  study  of  triple 
hydrogen  lines,  by  Professor  Campbell;  investiKation  of  stars  in  the  great  cluster 
in  Hercules,  by  Mr.  Palmer;  telescopic  photographs  of  the  great  nehuls  in  Orion 
— an  extension  of  tbe  spectroscopic  method  to  parts  ol  the  nebula  which  are  too 
faint  for  visual  observation;  and  a  large  variety  of  miscellaneous  observations 
and  computations. 

■  United  States  Naval  Obaerratoiy,  located  o a  Oeorgetowa  Heights.  District 
of  Columbia,  Capt.  C.  H.  Daria,  D.  S.  N.,  director.— Tbe  insCrumeats  and  acces- 
sories of  the  Naval  Observatory  consist  ul  great  equatorial  and  accessories  (in- 
cludiug  elevating  floor);  east  meridian  circle  (Pistor  &  Martens,  9.inch,  re- 
modeled): south  transit  iasCrnmeat;  prime-vertical  initrument;  12-inch  equa- 
torial; 6-iTich  traiisit  circle  (Warner  &  Swasey);  B-inch  alt-azimuth  and  building 
(Warner  &  Swasey);  1  comet  seeker,  4-inch  (Brashear),  alt-azimuth:  1  comet 
seeker,  4inch  (old  equHtorial  mounting);  13  astronomical  clocks;  7  chrono* 
graphs  (with  stands  and  scales);  3  personal-equation  apparatuses;  2  level  triers; 
meteorological  apparatus;  transit  of  Venus  measuring  engine;  equipment  of 
magnetic  observatory;  1  kathetometer;  instrumerts  for  testing  sextants.  In* 
struments  unmounted:  9.6-inch  equatorial,  7%  equatorial,  and  Repsold  transit 
of  Venus,  etc. 

The  instrumental  equipment  is  for  tbe  most  part  new,  few  of  the  instruments 
of  the  old  Observatory  having  been  retained  in  their  original  form.  An  entirely 
new  mounting  has  been  provided  for  tbe  26-inch  equatorial  telescope,  and  the 
9.6-inch  telescope  was  replaced  by  a  new  refractor  of  12  inches  aperture.  A 
large  spectrograph,  of  modem  design,  was  furnished  for  the  26  inch  telescope. 
Two  new  instruments,  constructed  entirely  of  steel,  were  added  to  the  equip- 
ment. One  of  these  is  a  meridian  circle  of  6  inches  aperture,  and  tbe  other  is  a 
frincfa  alt-azimuth.  The  8  5-inch  Pistor  &  Martens  meridian  circle  has  been  fur- 
nished with  a  new  objective  of  9,1  inches  apertnre  and  the  mounting  recon- 
strttcted.    All  the  new  instrnmentB  are  of  American  make. 

The  Observatory  work  is  divided  mto  two  classes,  astronomical  and  nauti- 
cal. The  first.includes  the  department  of  astronomical  observations  and  the  de- 
partment of  the  Nautical  Almanac.  Tbe  second  includes  tbe  department  of  nau- 
tical instrument!,  the  department  of  chronometers  and  lirae  service,  and  the  de- 
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partmeat  of  ntagnetiun  and  meteorology.  A  Davel  aaiiatatit  ia  prOTJded  for  tbc 
NperiDteniieat,  and  provision  is  made  for  a  director  of  tbc  Nautical  Almanac 
and  for  heads  of  the  Tarioas  naatical  departmenta. 

On  September  20, 1894,  Prof.  Wiiliam  Harkneat  was  appointed  astronomi- 
cal director.  On  June  30,  1897,  he  was  also  made  director  of  tbe  Nautical  Al- 
manac, after  tbe  resignation  of  Professor  Hendrichson,  wbo  occupied  the  posi- 
tion for  a  short  time  after  Professor  Newcomb's  retirement  on  March  12, 1897. 

Tbe  work  at  the  Observatorj  since  its  removal  to  the  new  site  baa  iaclnded 
obaervations  of  tbe  San,  Moon  and  planets  and  certain  ephemeria  stars  (8ns> 
peoded  From  1891  to  1894),  observations  of  stars  in  the  zone  —13°  SCf  to  -•IS" 
10'  of  tbe  Aatroaomiacbe  GeitllacbaA,  observations  of  selected  stars  with  tbe 
prime  vertical  transit  and  tbe  alt-aztmutb,  micrometric  observations  with  the 
26-iiicb  and  12-inch  telescopes.  Some  photographs  of  stellar  spectra  have  been 
made  with  tbe  apectrograph  attached  to  tbe  S6-iocb  telescope.  Tbe  meteoro- 
logical observations  have  been  continned,  bnt  magnetic  worh  (lint  serionslj  nn- 
dertaken  in  1881)  has  been  given  np,  owing  to  disturbances  caused  bj  electric 
cars.  Professor  Yamall's  catalogue,  containing  the  positions  of  all  miscellane- 
ons  stars,  observed  with  the  mural  circle  and  transit  instrument  between  1645 
and  1S77,  was  published  in  1878  (second  edition).  A  third  edition  has  since 
been  brought  out  by  Professor  Prisby.  Professor  Eastman's  catalogue  of  6,151 
stars,  observed  between  1866  and  1891,  appeared  in  1898.  Of  this  calalogne 
the  aatrouomical  director  remarki  that  it  "haa  absorbed  the  labora  of  about 
two-thirds  of  the  Observatory  ataff  for  more  than  thirty  years." 

Observing  Stations  for  tlie  Total  Eclipse,  May  28 .—Professor 
Geo.  B.  Hale.  Director  of  tbe  Verkes  Observatory  sends  us  the  following  note: 

'"The  following  list  of  stationa  to  be  occupied  by  eclipse  parties  is  complete  to 
date.    I  have  not  yet  received  replies  from  some  of  tbe  moat  important  ioatitu- 

Norfolk,  Va.,  National  Geographic  Society;  Near  Norfolk,  Va.  or  Balsigb,  N. 
C,  Winatow  Upton  and  party;  Interaection  of  central  line  with  Southern  Rail- 
way, S.  E.  of  Raleigh,  X.  C,  C.  W.  Edwarda  and  party ;  Wadeaboro,  N.  C,  par- 
tiea  of  the  Smithsonian  Institution,  Yerkes  Observatory,  Princeton  University,  and 
the  British  Astronomical  Association ;  Newberry.  S.  C,  U.  S.  Weather  Bnreau; 
At  or  near  Macon.  Ga.,  C.  W,  Crocket;  Union  Point,  Ga  .  Cbarlea  Burckbalter; 
Thomaston,  Ga.,  Lick  Observatory;  Brownsville,  Ga.,  Univeraity  of  Virginia.  (I 
have  received  thin  information  at  second  hand);  Washington,  Ga.,  A.  L.  Rotch 
and  party;  Greenville,  Ala.,  W.  H.  Pickering  and  party;  Near  Mexican  Central 
Railway,  Rose  O'Halloran. 

Professor  Brown,  AaCronomical  Director  of  the  Naval  Observatory,  has  not 
yet  replied  to  the  circular  letler,  but  Professor  See  atates  that  a  number  of  par- 
ties will  be  sent  out,  one  of  which  will  go  to  Mexico.  I  have  alao  Iraroed  that 
Professor  *mes,  of  the  Johns  Hopkins  Univeraity,  Profeaaor  Crew,  of  the  North- 
western University,  and  Prolessor  Lord,  of  the  Ohio  State  Univeraity,  will 
coSperatc  with  the  Naval  Observatory.  The  Allegheny  Observatory,  Vasaar 
College  Observatory,  and  several  other  institutions  will  send  out  eclipse  parties, 
bnt  t  do  not  now  know  what  sites  they  will  select."  gkorgb  r.  halb. 

Secretary,  Eclipse  Committee. 

Miss  Rose  O'Halloran  nlll  Observe  tbe  Total  Eclipse  in 
Mexico. — Miss  Rose  O'Hnlluran,  ol  San  Francisco,  vice  president  of  the  Astro- 
nomical Societv  of  the  Pacific,  will  leave  for  Mexico  about  the  middleof  April  to 
observe  tbe  total  a  ilar  eclipw  uf  May  28.  1900.  After  observing  the  southern 
variable  stars  for  some  weeks,  aa  far  south  al^ least  as  the  City  oi  Meiico,  Miss 
O'Ralloran  will  travel  northward  about  .May  20,  to  the  track  of  tbe  lunar 
shadow,  near  the  Mexican  rail  way. 

Her  eclipie  work  will  b;  carried  on  with  unpretentious  equipment.    As  the 
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hajm  iiittnimentB  of  otber  obaerring  partiea  Irom  CaKfoniia  and  cIsevAeK  wiB 
be  Med  in  poationa  furtber  eait-ward  in  the  United  States,  it  luu  Mcmed  to  MtM 
O'Hollorati  wisely  desirable  to  make  photographic  and  Tisnal  ubscTTations  near 
the  western  end  of  the  path  of  totalitj. 

The  plan  of  Miss  U  Holloran's  worh  is  to  take  a  few  photographs  of  the  inner 
corona  with  a  4-inch  Brashear  refractor  of  six  feet  focal  length,  haTtng  a  ptatc- 
bolder  and  shntter  in  the  focal  plane  of  the  telescope.  The  rmudniDg  time  will 
begiTm  to  Titnol  obserTHtionsoftbeatnictiiieof  tbeontcrcorona^anda  draw* 
log  will  be  made  when  the  total  ^hase  is  ended. 

As  a  mere  nperiment,  a  2Winch  portrait  lens  win  be  tried  for  one  second  jnst 
before  totality,  sna  again,  baring  rcTersed  the  plate-holder,  will  expose  «  pl«te 
fbr  half  a  minnte  after  totality.  May  faTOring  cimnnstanccs  aid  Mtss  O'Hallo- 
ran'a  well-planned  work.  _^__^_^__^____ 

Tlie  Lick  Observatory  Total  Ecllpae  Expeditlon.^Bj  the  geiKros- 
t^  of  Ur.  WilltBin  H.  Crocker,  of  San  Francisco,  the  Lick  Obscrratory  w9l  be 
able  to  send  a  party  to  Georgia,  to  observe  tbc  total  solar  cdipae  of  May  38. 
Only  two  observers,  Mcasn.  W.  W.  Campbell  and  C.  D.  Perrinc,  will  be  sent  ant 
from  the  Obserratory;  bat  leveral  Earopean  astmnomerB  have  expressed  a  de- 
nrs  to  join  the  party,  and  atmilar  requests  hare  also  been  received  from  astron- 
oroen  connected  with  American  colleges  whkh  do  not  intend  to  send  out  expedi- 
tions of  their  own. 

The  instnuuental  equipment  of  the  expedition  will  be  qntte  complete.  The 
principal  instrument  for  photographing  the  corone  will  be  the  6-inch  telescope  of 
40  feet  focal  length,  used  by  the  Lick  Observatory  parties  in  Sonth  America  and 
India.  For  pbotograpbtng  the  corona  on  a  smaller  scale  there  will  be  •everal 
cameras  of  from  five  to  six  inches  apertnre,  and  oCheri  of  imaller  nie.  One  slit 
spectrograph.  Bad  two  objective  apectrographa  arranged  to  give  a  continuona 
record  of  tti;  cbaaginK  spectrum  at  the  beginning  and  end  of  totality,  ere  also 
included  in  the  equipment.    Observations  of  contacts  will  be  made. 

Any  ubservera,  having  experience  in  astronomical  or  physical  work,  who 
wish  to  join  the  party  at  their  own  expense,  like  the  gentlemen  relerred  to  farther 
above,  arc  iovitcd  (o  communicate  with  the  Director  of  the  Lick  Observatory  be- 
fore April  20.  and  after  that  date  with  Professor  W.  W.  Campbell,  Lick  Observa- 
tory Eclipse  Expedition,  Atlanta,  Georgia. 


Qa«rlea  and  Short  Aiiawers.~-&.  What  is  the  date  and  tbe  path  of  to 
tality  of  the  nixt  total  solar  eclipse  visible. in  the  United  States.  d.  b. 

Aaawer.  The  following  letter  by  favor  of  H.  D,  Todd,  Professor  of  Matbe- 
matica,  U   S.  A.,  and  Director  of  the  Nautical  Almanac,  answers  the  query: 

Sib: — 1  have  the  honor  to  state,  in  reply  to  yonr  letter  of  the  2d  instant,  re* 
fcrred  to  this  Office  by  the  Naval  Observatory,  that  tbe  next  total  solar  eclipse 
visibkin  the  United  States  alter  that  of  May  38,  1900,  will  occur  in  ISlti.jDueS, 
G.  M.  T.  Tfais  eclipse  will  commence  in  the  Pacific  Ocean,  off  the  coast  ot  China,' 
and  tbc  central  path  wilJ  enter  tbe  Unitid  States  at  our  cxtrrmc  northwest  cor- 
ner, and  follow  approximately  a  path  through  the  States  of  Washington,  Idaho, 
Wyoming,  Nebraska  (tbe  south-west  comer).  Kansan.  Arkaimas.  Mississippi, 
Alabama  and  Florida,  ending  soon  after  it  reaches  the  Atlantic  Ocean. 

I  beg  leave  tn  add  that  thrre  will  alro  be  a  total  eclipse  of  the  Snn  in  1906, 
Anguit  30,  not  visible  in  the  United  States,  bot  very  near,  commencing  jnst  north 
of  the  boundary  line  between  Minnrsote  and  Norlh  Dakota.  Tbe  shadow  path 
of  this  eclipse  will  pass  nearly  due  east,  tnming  alightlv  to  the  north,  and  will 
eater  the  Atlantic  Ocean  from  tbe  southern  part  til  Labrador. 
Very  reapectfoMv, 

Navtical  Alhanac  Office,  h.  d.  todd, 

Georgktown  Heights.  D.  C.  Professor  of  Mathematics,  U.  S.  N., 

April  13.  191)0.  Director,  Nnntical  Almanac. 

9  I  want  an  accurate  up-to-date  star  map,  one  that  shows  Right  Ascension 
and  Declination  conectly.     Where  can  I  get  it?  W  j.  l. 

,4a5n-er.  I'rotrssoT  Winslow  Upton,  has  recently  prepaid  a  first  rate  Star 
Atlas  with  nsefu  descriptive  matter  and  a  set  ol  excellent  star  maps.  The  star 
places  on  these  maps  nre  reduced  to  1900.  Messrs.  Gino  &  Company,  of  Boston 
or  Chicago  are  ibe  publishers  of  ibis  Star  Atlas. 
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THE  TOTAL  ECLIPSE  OP  THE  SUN,  MAY  29,  IBOO. 

H.  C.  WILSON. 

Fair  weather  and  splendid  success  seem  to  have  been  the  lot 
of  most  of  the  astronomers  who  were  scattered  all  along  the 
path  of  totality  across  the  United  States.  Probably  no  eclipse 
has  ever  been  so  extensively  and  successfully  observed  and  much 
is  to  be  expected  from  the  photographic  and  spectrographic  re- 
sults which  have  been  obtained. 

It  is  too  early  to  have  obtained  copies  of  the  photographs  tak- 
en at  the  various  stations,  so  that  we  can  present  in  this  number 
of  Popular  Astronomy  only  some  of  those  obtained  by  our  own 
party,  but  we  shall  expect  to  present  others  in  due  time. 

The  frontispiece  is  a  reproduction  of  one  of  the  photographs 
of  the  corona  taken  near  the  end  of  totality  with  the  8-inch  pho- 
tographic refractor  belonging  to  Goodsell  Observatory.  The 
exposure  was  5  seconds,  on  a  Seed  nonhalation  plate,  backed 
with  a  paste  of  lampblack  in  6  parts  of  essence  of  cloves  to  1 
part  of  turpentine.  The  plate  was  developed  with  weak  pyro 
developer.  It  shows  the  two  great  streamers  of  the  corona  ex- 
tending toward  the  west  and  one  toward  the  east  to  the  edge  of 
the  field  of  the  telescope,  besides  many  small  streamers,  some 
within  and  some  alongside  of  the  large  ones.  The  polar  stream- 
ers  and  rifts  are  well  defined  and  their  curvature  is  quite  marked. 
At  the  lower  right  hand  edge  of  the  Moon's  disk  a  row  of  brilHant 
prominences  may  be  seen,  one  extending  one-sixteenth  of  the 
Son's  diameter,  or  54,000  miles  from  its  edge.  The  photographic 
print  shows  these  prominences  much  less  plainly  than  the  nega> 
tive,  and  in  the  engraving  they  may  be  expected  to  be  almost 
wholly  lost. 

The  expedition  from  Carleton  College  to  observe  the  eclipse 
was  made  possible  by  the  generons  enthusiasm  of  the  junior 
class  in  the  college,  a  large  part  of  which  has  been  studying 
Young's  General  Astronomy  daring  the  fall  and  winter  terms, 
and  Campbell's  Practical  Astronomy  during  the  spring  term. 
The  class  voted  to  defiray  the  expenses  of  the  expedition  to  the 
extent  of  one  bniidred  and  fifty  dollars.    We  are  greatly  indebted 


V  Google 


298  The  Total  Eclipse  of  the  San,  May  28,  1900. 

also  to  the  officials  of  the  Chicago  Great  Western-  railway, 
through  whose  courtesy  the  party  and  instruments  were  con- 
veyed to  Chicago  and  back  free  of  charge.  Mention  should  also 
be  made  of  the  kind  interest  shown  by  the  officials  of  the  Chica- 
go and  Eastern  Illinois  and  other  roads,  over  which  we  passed, 
in  their  successful  efforts  to  have  our  instruments  handled  care- 
fully in  transit. 

The  Faculty  and  trustees  of  Guilford  College,  near  Greensboro, 
N.  C,  were  much  interested  in  the  expedition  and  contributed 
largely  to  its  success,  in  securing  a  favorable  location,  furnishing 
entertainment  and  rendering  valuable  assistance  in  the  observa- 
tions, a  large  party  of  the  teachers  and  students  being  present  at 
the  observing  station  and  taking  assigned  parts  in  the  work. 

The  expedition  was  located  near  Southern  Pines,  N.  C,  on  an 
eminence  upon  the  large  fruit  farm  of  Mr,  John  Van  Lindley,  who 
very  generously  otfered  us  the  use  of  his  commodious  house  and 
grounds,  and  bore  the  expense  of  our  maintenance  there.  The 
Carkton  party  consisted  of  the  writer  as  the  astronomer  in 
charge,  with  Professor  and  Mrs.  A.  H.  Pearson,  of  Carleton  Col- 
lege, as  assistants.  Mrs.  Clements,  of  Faribault,  also  accompan- 
ied the  party  to  North  Carolina  and  assisted  in  sketchingthe  cor- 
ona. Our  apparatus  consisted  of  the  8-inch  Clark  photographic 
telescope  of  9  ft.  focus,  the  6-inch  Brashear  stellar  camera  of  3  ft. 
focus  and  the  '2V2-inch  Darlot  lens  of  about  8  inches  focus,  all 
upon  the  same  mounting  and  driven  by  clock  work.  With  this 
apparatus,  which  was  operated  by  the  writer  without  assistance 
8  photographs  were  taken  :  4  of  the  corona  during  totality  with 
the  8-inch  telescope,  the  exposures  being  1,  5,  30,  and  5  seconds, 
the  first  two  on  Cramer  crown  plates  and  the  last  two  on  Seed 
nonhalation  plates;  2  instantaneous  exposures  just  a  few  sec- 
onds after  totality  upon  nonhalation  plates,  both  showing  por- 
tions of  the  corona  and  chromosphere  together  with  a  reversed 
image  of  the  sunlight  crescent.  With  each  of  the  cameras  a  sin- 
gle exposure  was  made,  lasting  93  seconds,  for  the  purpose  of 
showing  the  outer  extensions  of  the  corona  and  any  possible 
bright  intra- mercurial  planets.  The  last  mentioned  two  photo- 
graphs were  both  successful  in  showing  the  three  long  streamers 
of  the  corona  extending  out  to  at  least  two  diameters  from  the 
edge  of  the  Moon,  but  present  only  negative  evidence  of  any 
bright  planet  other  than  Mercury  near  the  Sun.  Mercury  is  a 
conspicuous  object  upon  both  plates,  but  very  tew  stars  are  no- 
ticeable. 

The  skylight  was  quite  intense  and  comes  out  very  black  in  the 
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negatives.  It  may  be  that  when  I  pet  time  to  go  over  the  plates 
systematically  with  a  microscope  I  shall  find  many  more  star 
images  than  I  think  now  are  there. 

The  plate  exposed  in  the  6-iDch  camera  was  an  8x10  Seed  non- 
halation  backed  with  essence  of  cloves  and  lamp  black.  The  field 
covered  was  16°  in  diameter.  The  plate  exposed  in  the  2Vi-inch 
camera  was  a  4x5  Cramer  slow  isochromatic,  covering  a  field  of 
30°  diameter,  20°  o(  which  is  quite  sharp  in  definition.  Both 
plates  were  developed  with  quite  strong  hydrochinon  developer 
in  order  to  bring  oat  strong  contrasts.  Both  plates  give  prac- 
tically the  same  extent  of  coronal  streamers.  With  the  6-inch 
camera  the  chromosphere  comes  out  very  brilliant  and  partially 
reversed,  while  the  prominences  are  entirely  reversed. 

Another  piece  of  apparatus  used  was  a  prismatic  camera  con- 
sisting of  two  small  60°  prisms,  and  a  3-inch  visual  lens  of  30 
inches  focus,  which  were  mounted  in  a  box  constructed  at  our 
station,  after  the  photographic  telescope  had  been  got  into  ad- 
justment. We  had  not  fully  decided  to  use  these  but  took  them 
along  in  case  we  should  find  time  to  mount  them,  yet  doubtful 
whether  the  prisms,  1^  inches  face,  would  give  light  enough  for 
successful  photographs  of  the  "  flash  "  spectrum.  We  were  urged 
by  Professors  Hale  and  Frost,  whom  it  was  our  great  pleasure 
to  accompany  from  Chicago  to  Wadesboro,  to  by  all  means  make 
the  attempt.  The  result  shows  that  the  combination  of  these 
small  prisms  and  lens  was  quite  sufficient  to  give  at  least  the 
chroroospheric  spectrum.  We  had  no  collimator  along  and  had 
to  depend  for  the  focus  upon  the  sharpness,  visually,  of  the  edge 
of  the  continuous  spectrum  of  the  Sun.  We  adjusted  it  in  this  way 
as  nearly  as  possible  for  the  visual  spectrum  from  D  to  K  and 
used  Cramer's  instantaneous  isochromatic  plates  5x8. 

With  this  camera,  stationary  during  totality.  Professor  Pear- 
son, assisted  by  Mr.  Kelly  of  Haverhill,  Mass.,  made  four  expos- 
ures,  one  beginning  at  the  instant  time  was  called  by  myself  for 
the  beginning  of  totality,  as  seen  through  the  5-inch  guiding 
telescope,  and  ending  at  the  count  of  3  seconds ;  another  fi-om  15 
to  75  seconds  for  the  purpose  of  photographing  the  coronal  ring; 
a  third  beginning  at  87'  and  ending  at  the  call  of  time  for  the 
close  of  totality;  and  a  fourth  as  short  as  possible,  at  100',  6 
seconds  after  the  sunlight  reappeared. 

The  photographs  show  a  spectrum  5  inches  long  extending 
from  D,  to  a  little  beyond  K.  Unfortunately,  in  planning  for  the 
long  exposure  without  driving  apparatus,  I  placed  the  edge  of 
the  prisms  parallel  to  the  direction  of  diurnal  motion,  not  rea- 
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lizing  that  the  curved  cusp-lines  of  the  Sun  and  chromosphere 
would  be  very  nearly  perpendicular  to  this  direction.  As  a  re- 
sult the  lines  cross  each  other,  all  being  nearly  tangent  at  their 
brightest  parts  to  a  line  lengthwise  of  the  spectrum.  They  are 
therefore  not  suitable  for  reproduction  and  will  be  difficult  of 
measurement.  The  first  shows  12  very  prominent  chromospheric 
lines  besides  about  85  lesser  ones.  The  plate  is  too  much  fogged 
to  show  the  coronium  line.  The  second  is  much  blurred  of  course 
by  the  drift  during  the  60  seconds  exposure,  but  is  very  interest- 
ing. It  shows  15  prominences  around  the  elliptic  rings  corres- 
ponding to  the  H  and  K  lines,  each  prominence  being  drawn  out 
into  a  line  by  the  drift.  The  brighter  of  these  prominences  are 
shown  in  several  other  lines  of  the  spectum,  notably  D,,  F,  G'  and 
b.  The  coronal  spectrum  is  continuous  from  below  D„  running 
off  the  plate  above  K.  The  spectrum  of  the  polar  regions  is  faint 
forming  a  dark  center  to  the  band  of  the  continuous  spectrum. 
In  the  place  of  "coronium"  line  a  ring  is  faintly  shown.  I  was 
not  able  to  see  it  until  today,  but  when  once  pointed  out  it  is 
easily  seen.  There  is  a  faint  suggestion  of  another  similar  ring 
near  H  and  K,  a  little  less  refrangible  than  H,  at  about  wave- 
length 3988.  It  is  very  vague  but  seems  to  me  to  be  of  the  same 
form  as  its  neighbor  H,  except  as  to  the  prominences. 

The  third  plate,  exposed  just  before  the  close  of  totality  was 
jarred  so  badly  during  exposure  that  it  is  useless,  but  the  coroni- 
um ring  is  plainly  shown.  An  exceedingly  faint  suggestion  of  a 
ring  is  shown  near  H,  but  not  sufficiently  definite  to  be  used  as  a 
verification  of  that  in  the  second  plate. 

The  fourth  plate  exposed  6  seconds  after  totality  came  out  a 
surprise  to  me.  It  was  intended  to  give  thedark  lines  in  thcsolar 
cusp  spectrum,  but  it  does  not  show  a  single  dark  line  that  I  can 
find.  The  west  edge  of  the  spectrum  is  continuous,  (this  may 
be  partly  due  to  the  overlapping  of  the  lines)  while  beside  it  is  a 
beautiful  bright  line  spectrum  of  one  of  the  cusps,  the  lines  most 
of  them  running  into  the  continuous  spectrum,  and  some  of 
them  exceeding  it  in  brightness.  I  have  counted  170  lines  be- 
tween D,  and  K  and  there  are  fragments  of  perhaps  as  many 
more.    They  are  distributed  as  follows : 

B«IowDi 2  From  A  to  H. 15 

Front  Dt  toP. 37  From  HtoK 3 

From  Fto  G' 58  Beyond  K 2 

From  G'  to  b 56 

I  have  been  puzzled  to  account  (or  the  total  absence  of  dark 
lines  in  this  photograph,  for  several  minutes  before  totality  and 
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again  after  totality  they  were  visible  to  the  eye  apon  the  groand 
glass  of  the  camera.  It  would  eeem  possible  that  we  may  have 
caaght  that  moment  when  the  radiations  of  the  reversing  layer 
and  those  of  the  reappearing  photosphere  were  of  equal  intensity 
■o  that  no  reversal  wonld  be  prodnced. 

The  party  from  Guilford  College,  associated  with  us,  consisted 
of  Professor  George  W.  White  and  Mrs.  White,  Professor  Robert 
W,  Wilson,  Professor  Hodgins,  Miss  Field  and  students  Walter 
Hobbs,  Thomas  Hinton,  Homer  Ragan,  Lacy  L.  Barbee  and  Em- 
mit  Shepard.  Professor  White  photographed  the  corona  with  a 
3-inch  visual  telescope,  exposing  four  plates  for  1  and  2  seconds 
each  during  totality.  He  obtained  four  very  good  photographs 
of  the  middle  parts  of  the  corona.  Professor  Wilson  counted  ofif 
the  seconds  of  time  during  totality,  so  that  those  making  the 
photographic  exposures  might  follow  their  assigned  programs 
without  looking  at  timepieces.  Messrs.  Barbee  and  Shepard 
noted  on  a  sidereal  chronometer  and  an  ordinary  watch  inde- 
pendently the  times  of  the  contacts  as  observed  by  the  writer 
with  the  5-inch  telescope.  Professor  Hodgins,  Mrs.  White,  Miss 
Field  and  Mrs.  Couts,  under  the  direction  of  Mrs.  Pearson, 
sketched  portions  of  the  corona,  using  white  crayon  on  blue 
paper.  Their  results  agree  well  with  the  photographs  in  the 
main  features  of  the  corona.  Pour  of  the  students  watched  for 
the  shadow  bands  and  noted  their  direction. 

Deschiption  op  the  Eclipse. 

For  a  popular  description  of  the  eclipse  the  following  abstract 
Irom  an  article  in  the  Haverhill  (Mass.)  Evening  Gazette,  by  Mr. 
Austin  P.  Nichols,  who  was  present  with  our  party  during  the 
eclipse,  is  as  good  as  any  I  have  seen: 

"As  the  Moon  crept  further  and  further  over  the  face  of  tbeSan 
the  interest  and  excitement  increased.  Several  times  each  mem> 
ber  of  the  party  took  their  assigned  places  and  while  the  astron< 
omer  in  charge  of  the  chronometer  counted  off  the  94  seconds  of 
expected  totality,  rehearsed  thepart  they  wereexpected  to  perform 
an  hour  later.  The  light  gradually  diminished  and  the  air  became 
somewhat  cooler,  bnt  the  change  was  not  especially  marked. 
The  writer  took  his  place  on  the  roof  of  a  barn,  with  instructions 
to  note  the  approach  of  the  shadow  from  the  westward. 
Another  member  qf  our  party  had  been  impressed  into  the  ser- 
vice of  Professor  Peatson  to  assist  him  in  photographing  the 
spectrum.  The  martyr  to  science  who  was  to  count  the  seconds, 
and  was  therefore  debarred  from  seeing  the  eclipse,  took  charge 
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of  the  chronometer.    A.  bewildered  rooster  gave  a  feeble,  inqoisit' 
ive  crow,  and  all  was  in  readiness  for  the  great  event. 

"Five  minutes,  called  the  timekeeper,  and  everyone  busied  them> 
selves  to  be  sure  that  everything  was  all  in  order  at  the  last  mo- 
ment— four  minutes,  three,  two,  one,  and  a  great  hush  fell  over 
the  party  like  that  which  occurs  between  a  lightning  flash  and 
the  thunder  clap.  The  sky  rapidly  darkened,  except  that  aroand 
the  horizon  were  tints  of  orange,  and  to  the  soothwestward  the 
country  was  wrapped  in  the  gloom  of  the  approaching  shadow. 
Time !  called  the  man  at  the  telescope,  and  the  eclipse  was  upon 
us. 

"In  an  instant  everything  was  transformed.  The  darkness  was 
not  intense,  it  was  about  that  of  late  twilight,  and  the  hands  of 
a  watch  could  easily  be  made  out.  Everyone  was  busy  at  their 
appointed  task,  not  a  sound  was  heard  but  the  calling  of  the  sec- 
onds by  the  timekeeper.  Only  94  of  them,  and  so  much  mnst  be 
done  in  that  brief  time.  One  fairly  begrudged  every  second  as  it 
was  called  off. 

"Up  in  the  heavenswhere  an  instant  before  had  been  the  brilliant 
crescentof  the  Sun,  hung  the  black  disk  of  the  Mood;  around  its 
edge  was  a  narrow  but  brilliant  ring  of  an  indescribably  beautiful 
pearly,  silvery  shimmering  light — the  inner  corona.  Extending 
out  into  space  on  either  side  of  the  Sun,  like  the  wings  of  a  gigan- 
tic bird,  were  the  streamers  of  the  outer  corona  less  brilliant  than 
the  inner  ring,  but  bright  and  equally  beautiful.  The  light  of  this 
outer  corona  was  not  uniform  but  varied  in  intensity,  giving  the 
appearance  of  structure  to  it;  the  writer  particularly  noticed  a 
leaf-like  form  in  one  of  the  wings,  similar  to  those  observed  in 
previous  eclipses.  The  outer  corona  wings  were  strikingly  similar 
to  the  tail  of  a  brilliant  comet,  in  appearance,  although  nothing 
has  yet  been  observed  to  indicate  that  they  have  the  same  com- 
position. The  length  of  these  wings  seemed  to  be  from  three  to 
four  times  the  diameter  of  the  Sun,  although  to  other  observers 
they  appeared  much  shorter.  A  few  red  prominences,  due  to 
n:asses  of  red  hot  hydrogen  gasthousands  of  miles  high,  were  also 
observed  around  the  edge  of  the  sun,  but  to  the  unaided  eye  they 
were  not  very  conspicuous,  and  could  only  be  seen  to  good  ad- 
vantage in  a  telescope.  Close  to  the  Son  the  planet  Mercury 
shone  with  an  unaccustomed  brilliancy,  while  lower  down  in  the 
east  Venus,  the  evening  star,  glowed  even  more  brightly.  No 
other  stars  were  noticed, 

.  "A  more  beautiful  or  more  impressive  scene  is  rarely  witnessed, 
but  the  lime  was  all  too  short.    Probably  no  one  who  observed 
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the  eclipse  bat  felt  that  he  bad  left  something  nndone  that  be 
ought  to  have  done,  bat  one  cannot  do  everything  in  a  minute 
and  a  half. 

"The  monotonous  counting  of  seconds  continued — ninety-one, 
two,  three,  four.  A  flash  of  sunlight  like  the  sudden  lifting  of  a 
thunder  cloud,  the  corona  vanished  like  a  burntout  firework, 
familiar  features  of  the  landscape  shone  out  again,  and,  except 
for  a  certain  pale,  ghastly  light,  which  lasted  for  nearly  half  an 
hour,  everything  took  on  its  usual  appearance.  Everyone 
heaved  a  sigh  of  relief,  and  the  great  eclipse  of  1900  was  a  thing 
of  the  past." 

THE  CORONA. 

The  general  form  of  the  corona,  as  it  appeared  to  me  in  the  20 
seconds  I  had  in  which  to  look,  while  the  30  second  exposure  was 
going  on,  struck  me  as  being  very  similar  to  that  which  I  had 
seen  in  1889 ;  the  difference  being  that  it  was  reversed  east  and 
west,  the  two  equal  parallel  sti^pamers  extending  toward  the 
west  instead  of  east  and  the  long  single  streamer  with  smaller 
attendants  extending  toward  the  east.  Thus  the  view  is  con- 
firmed which  has  been  tentatively  held  for  some  years  that  cer- 
tain types  of  corona  are  associated  with  the  phases  of  the  sun> 
spot  period,  and  that  the  type  which  corresponds  to  the  sunspot 
minimum  is  characterized  by  great  streamers  parallel  to  the  Sun's 
equator  and  by  very  marked  polar  filaments  and  rifts. 

The  four  photographs  taken  by  the  writer  with  the  8-inch 
telescope  do  not  show  any  noticeable  changes  in  the  structure  of 
the  corona  in  the  one  minute  and  a  half.  They  differ  from  each 
other  because  of  differences  of  exposure  and  of  development. 
Comparing  any  one  of  them  with  Barnard's  print  of  the  c 
of  Jan.  2,  1889,  one  would  almost  say  it  is  the  same  c 
tated  half  way  round  on  the  polar  axis. 

TliE   SHADOW    BANDS. 

These  were  seen  three  minutes  before  totality  and  for  an  equal 
length  of  time  after  totality.  A  white  sheet  was  stretched  upon 
the  ground  for  these  observations,  but  it  was  unnecessary  for  the 
bands  could  be  seen  all  around  us  upon  the  light  colored  sand. 
They  came  approximately  from  the  direction  from  which  the 
great  shadow  approached,  but  thedirection  of  movement  was  not 
constant  and  at  one  time  it  seemed  to  be  from  the  northwest. 
The  lines  of  the  shadows  were  not  smooth  curves,  but  were 
sinuous  and  continually  wavering.    I  had  asked  the  young  men. 
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if  possible,  to  count  th«  Dumber  of  bands  seen  upon  tbe  sbeet  at 
ODce  and  bow  many  passed  in  10  seconds,  but  tbe  movement  was 
too  swift  for  tbis  and  tbey  could  only  catcb  tbe  direction  of  the 
wave  fronts  by  laying  sticks  down  parallel  to  tbe  bands.  Tbis 
they  did  four  times,  3  minutes  before  totality ;  just  as  the  great 
shadow  came ;  just  after  it  receded ;  and  when  tbey  last  saw  the 
bands  distinctly.  Tbe  following  angles  with  the  meridian  were 
measured  by  myself  a  few  minutes  after  totality  was  over: 
I  S  42.00  E.  11  S  37.7  E.  Ill  S  S2.°4  E.  IV  S  37.7  B. 
According  to  tbe  map  of  tbe  path  of  totality  the  direction  of 
movement  of  the  shadow  was  about  N  60°  E  at  Southern  Pines. 
Various  estimates  of  tbe  distance  between  the  successive 
shadow  bands  placed  it  at  from  6  to  8  inches. 

OBSERVATIONS  OF  CONTACTS. 

The  four  contacts  were  observed  by  the  writer,  tbe  first  three 
with  tbe  5-inch  guiding  telescope  of  9  feet  focal  length,  the  last 
with  the  3-incb  telescope  belonging  to  Guilford  College.  The  si- 
dereal chronometer  Bond  374  was  compared  by  telephone  with 
tbe  signals  transmitted  from  Washington  to  Pineburst,  N.  C,  on 
May  26and  27  and  with  the  mean  time  chronometer  Negus  1749 
at  the  U.S. Naval  Observatory  Station  at  Pineburst  on  the  after- 
noon of  May  28,  giving  consistent  rates  between  times.  The 
watch  used  bad  a  variable  rate  and  the  times  noted  on  it  are 
only  rough  checks  of  the  chronometer  times.  The  position  of 
our  station  was  determined  by  a  rough  triangulation  from  the 
station  at  Pineburst  and  cannot  be  determined  very  exactly  un- 
til certain  data  are  obtained  from  that  station,  but  the  position 
was  very  nearly  in.  longitude  79°  24'  and  latitude  35°  12'.  The 
predicted  times  calculated  with  these  data  before  tbe  eclipse  are 
here  given  for  the  sake  of  comparison,  for  the  observed  duration 
of  totality  agreed  exactly  with  computed  duration,  which  does 
not  appear  to  have  been  the  case  at  all  the  stations. 

W.uh 
Reduced  Icurncled)  Canputtd 


Pint  contact.... 22  57  19.6  +4348.6  U  36  45.1  63641  03648.3 

Seciind  contact.  0  07  02.0  +  43  48  8  1  46  16.4  7  46  1 1  1  46  26.5 

Third  contact...   0  08  36,0  +  43  48.8  1  47  50.1  7  47  48  1  48  00  « 

Ponrth  contact.  1  28  01.7  +43  48.9  3  07  02.9  3  07  OS.S 

AT  OTHER  STATIONS. 

Pineburst,  N.  C— As  tbe   United    States   Naval  Observatory 
station  at  Pineburst  was  only  3  miles  to  tbe  west  of  our  loca- 
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tion,  we  had  tbe  opportanity  of  vtsitinK  with  the  astronomers 
and  physicists  there,  seeing  tbe  apparatus,  and  becoming  pretty 
well  acqaaiated  with  tbe  work  which  was  to  be  done.  Tbe  sta- 
tion was  under  the  charge  of  Professor  A.  N.  Skinner,  who  de- 
termined the  latitude  and  longitude  and  had  general  oversight  of 
all  the  work. 

The  most  noticeable  object  as  one  approached  the  station  was 
a  large  scaffold  supporting  the  objective  of  the  40  foot  telescope 
with  which  Mr.  A.  L.  Colton  was  to  secure  large  photographs  of 
the  corona,  by  the  method  which  was  so  successfully  used  by 
Professor  Campbell  of  the  Lick  Observatorr  in  tfae  Indian  eclipse 
of  1898.  The  objective  was  of  only  5  inches  aperture  but  of  40 
feet  focal  length.  The  tube  was  made  of  white  canvas,  sup- 
ported by  a  skeleton  framework  of  steel  tubing.  The  plate- 
bolder  was  placed  in  a  pit  covered  by  a  dark  hnt.and  was  moved 
by  a  clepsydra  during  the  short  interval  of  totality.  Mr.  Colton 
was  to  expose  five  14  x  17  Seed  nonhalation  plates,  the  expos- 
ures being  2',  10',  45',  10'  and  2*.  He  was  assisted  by  Mr.  M.  G. 
Skinner. 

A  long  shed  with  one-half  of  the  roof  covered  with  canvas, 
which  could  be  rolled  up  out  of  tbe  way,  sheltered  a  row  of  equa- 
torial telescopes,  polariscopes  and  cameras  which  looked  for- 
midable to  the  spectator.  The  most  important  work,  however, 
as  it  seemed  to  me  was  to  be  done  with  some  instruments  under 
a  rougher  looking  shed  partly  covered  only  by  loose  boards. 
Here  were  three  great  sUtless  spectroscopes :  one,  operated  by 
Dr.  J.  S.  Ames  of  the  Johns  Hopkins  University,  having  a  6-inch 
concave  grating  with  15,000  lines  to  the  inch  and  giving  a  spec- 
trum 2  feet  long ;  another,  also  under  Dr.  Ames'  charge,  having  a 
flat  grating  of  the  same  dimensions  as  the  concave  grating;  and 
a  prismatic  camera,  with  a  60°  prism  whose  faces  were  6  inches 
sqaare  and  a  lens  of  about  6  feet  focal  length.  The  last  was 
under  the  charge  of  Dr.  Chase  of  Yale  University.  Dr.  Ames  was 
assisted  by  Messrs.  Hough,  Rees  and  Gilbert  of  Johns  Hopkins 
University,  I  understand  that  Dr.  Ames  made  15  exposures 
with  the  concave  grating  spectrograph  and  it  is  to  be  hoped 
that  these  have  all  turned  out  well. 

The  battery  of  cameras  npon  a  long  polar  axis  was  managed 
by  Professor  W.  S.  Eichelberger  and  Assistant  Astronomer  T.  I. 
King  of  the  Naval  Observatory  assisted  by  Messrs.  Beal.  Kent 
and  Gore.  One  of  the  cameras  was  provided  with  a  color  screen 
which  would  allow  only  the  green  rays  to  pass  through  it,  the 
hope  being  to  obtain  an  image  of  the  corona  largely  from  the 
light  due  to  coroninm. 


.y  Google 


306  The  Total  Eclipse  of  the  Son,  May  28, 1900. 

Professor  Edgar  Frisby  of  the  Naval  Observatory  and  Mr.  Ev- 
erett  I.  Yowell  of  the  Cincinnati  Observatory  observed  the  con- 
tacts and  made  visual  observations  of  the  corona  with  two  5- 
inch  equatorials.  Mr.  N.  E.  Parsons  and  Dr.  Dorsey  of  the  Johns 
Hopkins  University  operated  two  polariscopes,  the  former  a  pho- 
tographic and  the  latter  a  visual  instrument. 

Mr.  R.  W.  Wood  of  the  University  of  Wisconsin  made  interest- 
ing observations  of  the  shadow^  bands  with  a  peculiar  instrument 
called  the  strobo-scope.  His  conclusion  was  that  the  shadow 
bands  were  not  periodic.  He  also  observed  with  a  polariscope 
and  made  an  excell'  nt  drawing  of  the  corona. 

From  Professor  Skinner  we  learned  that  the  U.  S.  Naval  Ob- 
servatory  had  sent  out  three  other  parties/  one  at  Bamesville, 
Ga,,  under  Professor  Brown,  one  at  Winnsboro,  S.  C,  under  Pro- 
fessorOrmond  Stone,  Director  of  the  Leander  McCormick  Observ- 
atory and  one  at  Griffin,  Ga.,  under  Professor  L.  E.  Jewell,  of  the 
fohns  Hopkins  University. 

Barnesville,  Ga. — The  instruments  used  here  were  a  40  ft.  tele- 
scope and  polar  axis  with  several  cameras,  similar  to  those  at 
Pinehurst.  Professors  Updegraff  and  See  of  the  Naval  Observa- 
tory were  assisted  by  a  number  of  volunteer  observers. 

Winnsboro,  S.  C. — Professor  Stone  assisted  by  volunteers  oper- 
ated  a  third  40  foot  telescope  for  the  purpose  of  securing  large 
photographs  of  the  corona  upon  14  x  17  plates. 

Griffin,  Ga. — This  station  was  chosen  near  the  edge  of  the 
path  of  totality  for  the  purpose  of  obtaining  long  duration  of 
the  "flash"  and  chromospheric  spectra,  the  whole  expedition  be- 
ing spectroscopic.  Professor  Henry  Crew,  of  the  Northwestern 
University,  worked  with  aflat  grating.  We  are  sorry  to  learn 
from  a  recent  newspaper  note,  that  his  photographs  all  proved 
failures  from  insufficient  exposure.  Professor  Humphrey,  of  the 
University  of  Virginia,  operated  with  a  concave  grating  of  21 
feet  focal  length.  Professor  Mitchell,  of  the  Columbia  Univer- 
sity, was  also  to  be  located  at  this  station. 

Wadesboro. — On  our  return  journey  Professors  Hale  and  Frost 
gave  us  an  interesting  account  of  the  work  at  this  city,  which 
seems  to  have  been  the  favorite  location  for  observing  theecHpse, 
chosen  no  doubt  on  account  of  the  low  percentage  of  cloudy 
weather  given  in  the  special  report  of  the  Weather  Bureau. 
Three  important  expeditions  were  located  here,  from  the  Smith- 
sonian Institution,  Princeton  University,  and  the  Yerkes  Observa- 
tory. We  can  only  speak  definitely  of  the  work  done  by  the 
Yerkes  party. 
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Professor  E.  E.  Barnard  assisted  by  Mr.  Ritchey  made  7  ex- 
posures with  a  6'iDcb  lens  of  62  feet  focus  mounted  horizontally. 
The  light  was  thrown  into  the  telescope  by  a  coelostat  with  a 
12-inch  mirror  made  by  Mr,  Ritchey.  The  exposures  made  Taried 
from  one-half  second  to  thirty  seconds  in  duration,  three  upon 
14x17  plates  and  four  upon  25x30  plates,  the  largest  that 
have  ever  been  used  for  photographing  the  corona,  with  excep- 
tion of  those  used  at  the  same  station  by  the  Smithsonian  Ineti- 
tutioa.  A  newspaper  report,  June  14,  states  that  one  of  these 
plates,  the  last  exposed,  duration  1  second,  had  been  developed 
and  brought  out  many  interesting  details  close  to  the  edge  of  the 
moon.  Mr.  Barnard's  hope  is  to  bring  out  upon  the  longer  ex> 
posed  negatives  the  details  of  the  outer  corona  as  well  as  the 
inner  upon  that  magnificent  scale,  which  makes  the  diameter  of 
moon's  disk  7  inches ;  and  we  may  be  sure  that  Mr.  Barnard  will 
.do  it  if  any  man  can. 

Several  smaller  cameras,  from  a  6  inch  Voightlander  down, 
were  operated  by  volunteers.  Some  were  mounted  equatorially 
and  driven  by  clockwork,  others  were  simply  fixed  upon  posts. 

Professor  E.  B.  Frost  assisted  by  Dr.  Isham  of  Chicago  photo< 
graphed  the  spectrum,  using  three  slitless  spectroscopes, one  with 
a  train  of  three  prisms,  one  vrith  a  single  prism  and  one  with  a 
concave  grating.  The  signal  for  photographing  the  "flash" 
spectrum  was  given  by  Professor  Frost  observing  with  a  flat 
grating.  He  said  that  he  saw  only  dozens  of  lines  reverse  where 
he  expected  to  see  hundreds.  Elsewhere  also  the  "  flash  "  appears 
to  have  been  disappointing.  At  Pinehurst  the  whole  party  de- 
pended upon  the  observation  of  this  phenomenon  for  the  signal 
for  the  beginning  of  their  program  during  totality.  The  one  de- 
puted to  make  this  observation  and  give  the  signal  failed  to  see 
the  "flash"  and  as  a  result  several  seconds  of  totality  had 
elapsed  before  the  signal  was  given, 

Thecoronium  line  too  appears  to  have  been  weaker  than  usual, 
and  Professor  Young  who  made  the  determination  of  the  posi- 
tion of  this  one  line  bis  special  work  failed  to  see  it. 

Professor  Hale  assisted  by  Mr.  Ferdinand  Ellerman  undertook 
the  very  delicate  operation  of  measuring  the  heat  of  the  corona 
with  bolontetric  apparatus,  in  connection  with  a  large  siderostat 
kindly  loaned  by  the  Smithsonian  Institution.  He  had  a  very  un- 
fortunate experience.  On  arriving  at  Wadesboro  ten  days  before 
the  eclipse  be  found  that  a  very  delicate  part  of  the  apparatus 
had  been  broken.  He  had  been  warned  by  previous  experience 
and  had  shipped  a  lathe  and  all  necessary  tools  as  a  part  of  the 


.y  Google 


808  The  Total  BcUpae  of  the  Sun,  May  28, 1900. 

eqtiipmeDt  of  the  «xpeditioo.  With  cfaarncteristk  energy  he  set 
about  coastmcting  a  new  bolometer  and  sacceeding  in  making  a 
better  one  than  he  had  before  and  performed  satisfactory  prelim- 
inary experiments.  All  was  in  perfect  adJQStment  and  ready  for 
use  during  totality,  when  j.ust  as  the  important  moment  arrived 
a  small  stick,  which  was  used  for  some  purpose  in  the  dark  bolo- 
meter  room  and  had  been  leaned  against  the  wall,  fell  and  threw 
'  the  galvanometer  needle  out  of  balance.  The  operation  of  bal- 
ancing requires  usually  from  two  to  three  minutes.  Professor 
Hale  said  that  he  never  worked  harder  in  his  life  than  during  the 
next  minute  and  a  half,  and  he  succeeded  in  getting  the  instru- 
ment into  balance,  but  only  to  see  the  sunlight  reappear  before 
any  measures  could  be  taken. 

Mr.  C.  G.  Abbott  of  the  Smithsonian  Institution  by  similar 
methods  succeeded  in  detecting  a  slight  amount  of  radiation 
from  the  corona  as  compared  with  that  from  the  black  disk  of 
the  moon.  Professor  Hale  is  confident  from  the  results  of  his 
preliminary  experiments  that  by  these  methods  he  can  detect  the 
change  of  heat  at  the  edges  of  the  great  coronal  streamers  in 
fall  sunlight. 

Professor  A.  S.  Flint  of  the  Washburn  Observatory  made  the 
observations  for  time  and  position  at  Wadesboro,  and  noted.the 
times  of  contact  and  counted  the  seconds  of  totality  for  Profea- 
sor  Frost. 

The  longest  focus  telescope  ever  used  in  observing  an  eclipse  is 
probably  that  used  by  the  Smithsonian  Institution  at  Wades- 
boro, which  had  a  focal  length  of  136  feet.  This  would  give  an 
image  of  the  moon  nearly  15  inches  in  diameter. 

The  telescope  was  mounted  horizontally,  the  light  being  fttr- 
nished  by  a  coelostat.  In  the  Chicago  Journal  of  June  15,  we 
find  this  statement  concerning  the  photographs  taken  with  this 
instrument: 

"Mr.  Smillie  exposed  six  80  x  30  plates  during  totality,  with 
times  ranging  from  one-half  second  to  sixteen  seconds.  All  these 
negatives  have  not  yet  been  developed.  Those  of  one-half  second, 
two  seconds  and  four  seconds  exposure  have  been  hurriedly  ex- 
amined, however,  and  they  give  clear  indications  of  the  crossing 
and  recrossing  of  filamebts  like  the  appearance  of  a  Geld  of  grain 
bending  in  the  wind.  The  prominences  and  polar  streamers  ap- 
pear in  imposing  magnitude  and  detail." 
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GENERAL  PERTURBATIONS  AND  THE  PERTURBATIVE 
FUNCTION. 

M.  A.  M   D..  Ph.  D. 


PoB  Fop(n.AS 

It  was  first  proved  by  Sir  Isaac  Newton  in  his  immortal  work 
The  Priacipia,  that  when  a  particle  moves  around  a  centre  of 
force  which  varies  directly  as  the  mass  and  inversely  as  the  square 
of  the  distance,  the  path  or  orbit  described  is  a  conic  section  with 
the  centre  of  force  in  the  focus,  and  the  radius  vector  describes 
equal  areas  in  equal  times.  In  the  case  of  a  planet  moving 
around  the  Sun,  the  orbit  is  an  ellipse  with  the  Sun  in  one  of  the 
foci.  It  is  evident  that  the  planet  will  move  moat  rapidly  in  peri- 
helion and  most  slowly  in  aphelion.  The  mean  motion  or  that 
which  it  would  have,  if  it  described  a  circular  orbit,  is  evidently 

equal  to  360°  or  2jr  divided  by  the  periodic  time  Tor  :^.     From 

perihelion  to  aphelion  the  true  place  of  the  planet  will  be  in  ad- 
vance of  the  mean  place ;  at  aphelion  the  mean  and  true  places 
will  coincide,  and  from  aphelion  to  perihelion  the  mean  place  will 
be  in  advance  of  the  true  until  perihelion  is  reached  when  they 
again  coincide  and  so  on. 

The  angular  distance  between  the  true  and  mean  places  or  to 
express  it  more  technically,betweenthetnjeand  mean  anomalies, 
is  called  the  elliptic  inequality  or  'the  equation  of  the  centre,'  and 
it  is  the  only  correction  to  be  applied  to  the  mean  to  obtain  the 
true  anomaly  in  the  case  we  are  now  considering. 

If  however  we  suppose  another  planet  to  be  added  to  the  sys- 
tem, the  circumstances  of  the  motion  of  both  planets,  become 
much  more  complicated;  each  disturbs  the  motion  of  the  other; 
tbe  equable  description  of  areas  which  obtained  in  tbe  case  of  a 
single  planet  now  no  longer  exists,  and  the  computation  of  the 
true  place  of  either  planet  is  a  work  of  prodigious  difficulty.  It 
is  the  famous  "problem  of  three  bodies"  which  has  severely  taxed 
the  ingenuity  and  analytical  skill  of  mathematicians  since  the 
discovery  of  tbe  law  of  universal  gravitation. 

In  this  and  subsequent  papers  we  purpose  to  develop  as  clearly 
and  as  briefly  as  the  difficulties  of  the  problem  will  admit,  the 
formulae  for  undisturbed  and  disturbed  motion,  so  as  to  enable 
the  reader  to  understand  the  more  abstruse  and  elaborate  de- 
velopments of  LaPlace,  LeVerrier  and  others. 

Let  z,y,zhe  the  coQrdinates  of  a  planet  referred  to  the  centre 
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of  gravity  of  the  Sun  S,  as  the  origin  and  r  its  radios  vector, 

also  let  m  denote  the  ratio  of  the  mass  of  tbe  planet  (m)  to 

^,     .     -  ^,     „  mass  of  planet      mass  of  planet     ,         ,, 

that  of  the  Sun  or  m  = ^ = r»  where  A* 

mass  ol  Sun  i' 

is  the  well  known  Gaussian  constant  of  solar  attraction  whose 

value  will  be  determined  farther  on,  then  the  mass  of  the  planet 

=  mA'. 

Let  x',  y,  z'he  the  coordinates,  r'  the  radius  vector  and  m'A* 

the  mass  of  a  second  planet  (m')  and  similarly  for  other  bodies  of 

the  system  and  let  p,p„  />,  be  their  mutual  distance,or  niai'.aua" 

etc.,  then  we  shall  have 

r*  =  Sm'^  =  JK*  +  7'  +  z* 
r^  =  Sm"  =  x"  +  }'''  +  2r' 

r"^=  Sm"  =  x"''  +  y"^  +  2"*.  etc.  (1) 

and    p*  =  mm'^  =  (x'  —  xy  +  (y'  —  y)'  +  (z*  —  2)* 

/j,»  =  mm"^  =  (x" -  x)»  +  (y"—y)'  +  (z" - z)',  etc. 

Considering  only  three  bodies,  the  Sun  S,  the  disturbed  planet 
(m)  and  the  disturbing  planet  (/n')  and  putting  for  the  sake  of 
brevity  k}  +  A'm  or  A'  (1  +  m)  =  ^t,  it  is  evident  that  in  the  rela- 
tive  motion  of  (m)  around  5,  it  will  be  acted  on  by  the  three 

forces J,  — -^  and ^  respectively  directed  along  the  lines 

mS,  mm'  and  m'S,  and  since  the  cosines  of  the  angles  which  the 
directions  of  each  of  these  forces  make  with  the  axis  of  x,  are  re- 
spectively 


We  shall  have  for  the  components  of  these  forces  parellel  to  the 
same  axis 

_  t^     A^m^x'^-x) 
r"  ff  ' 

the  first  and  third  being  negative  because  the  force  tends  to  di- 
minish the  coordinates  x,  y  and  z. 

For  the  components  of  these  same  forces  parallel  to  tbe  axis  of 
Y  we  shall  have  in  a  similar  manner 

_  ^j     A'm'  (y-j)  ^^^  _  Fray 
r"  p'  T? 

and  for  those  parallel  to  the  axis  of  Z 

}iz     A»m'{z'~z)       .      A-mV  * 
1,     a and j— . 

The  sum  of  these  three  components  for  each  direction  is  evi« 
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dentlj  the  total  force  parallel  to  this  direction,  which  acts  on  the 
planet  (m)  and  it  must  be  equal  to  the  accelerations  -^,  -j~ 

and  jTj  respectively.  If  then  we  extend  these  results  to  a  num- 
ber of  bodies  m",  m"',  etc.,  we  shall  have  for  the  equations  of  the 
relative  motion  of  (m)  around  S. 


dt* 


where  the  symbol  ^^  indicates  that  each  mass  k'm",  k^m'",  in- 
troduces a  term  similar  to  that  which  results  from  the  action  of 
in'  on  m  —  a  term  which  we  obtain  by  simply  changing  in  the  sec- 
ond members  m',  p,  x'  and  r'  into  m",  p',  x"  and  r"  respectively, 
and  so  on. 

To  facilitate  the  solution  of  the  problem,  the  second  members 
of  (2)  are  put  into  the  following  form. 

From  (1)  we  obtain 

d    1  _x'  —  X  d    1  _y'  —  y  d    1 z"  —  z 

dx''p~  ■   ff     '         dy'  p^      (f     '         dz' p~     ff 

and  the  terms  -r,,  ^,  —r.  are  derivatives  of ~ in  re- 

r"  r^  r"  r" 

gard  to  the  variables  x,  y  and  z.  If  then  we  put 

fl— _^L.  Ck  _  J^J'  +  yy'  +  zz'\ 
"^-l  +  mKp  r'"  } 

we  shall  have  for  the  partial  differential  coefEcients  with  respect 
to  X,  y  and  z 

<-">(f)=2"'(^-S) 
<^+")(f)=2'"'C-^-.-) 
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Substituting  in  (2)  we  bave 

d'x  ,  ftx      , , , ,    ,      >  {tJ& 


—.  +  ~-  =  k^  {1  +  m)  {  J-) 


which  are  the  differential  equations  of  disturbed  motion.  The 
force  whose  components  are  expressed  by  the  second  members  of 
(4)  is  the  disturbing  force.  It  expresses  the  difference  between 
the  adlion  of  the  bodies  m',  m",  &c  ,  on  m  and  on  the  Sun,  re- 
solved parallel  to  the  coordinate  axes,  and  the  quantity  0  from 
which  the  second  members  of  (4)  are  derived  is  called  the  Pertur- 
bative  Function,  the  development  of  which  into  an  infinite  series, 
constitutes  the  chief  difficulty  in  the  solution  of  this  problem. 
The  integration  of  the  equations  in  group  (4)  has  never  been 
effected  except  by  a  series  of  approximations. 

We  must  first  consider  the  case  of  a  single  planet  moving  round 
the  Sun,  subject  only  to  the  reciprocal  action  of  the  two  bodies. 

This  is  the  case  of  undisturbed  motion;  the  disturbing  force  will 
then  be  zero  and  group  (4)  becomes 
d'x 


dt 


+  ~, 


^+?=0  (5) 


dt' 


which  are  the  differential  equations  of  undisturbed  motion  and 
their  integration  will  introduce  six  arbitrary  constants  which  de- 
termine the  circumstances  of  the  orbit  which  the  planet  describes 
round  the  Sun  under  their  mutual  influence.  The  integration  of 
(5)  presents  no  great  difficulty  and  is  given  in  most  works  on 
Physical  or  Theoretical  Astronomy,  but  as  the  student  may  not 
have  any  such  works  by  him  and  in  order  to  render  these  short 
papers,  as  complete  as  practicable,  we  will  give  the  integration 
here. 

Multiply  the  first  of  (5)  by  j  and  the  second  by  x  and  subtract 
the  second  product  from  the  first,  integrate  the  result  and  we 
have 
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^  —■'-^  —  b  (aconstant) 

similarly  -^ ^=^  <6) 

If  we  multiply  these  by  z,  j  and  x  respectively  and  add  the  pro- 
ducts  we  obtain 

bz  +  by  +  b"x    =0  (7) 

which  is  the  equation  of  a  plane  passing  through  the  origin  of 
coordinates,  that  is,  through  the  center  of  the  Sun. 

Let  dv  be  the  angle  described  by  the  radius  rector  r  in  the  time 
dt,  then  the  area  described  by  this  radius  on  the  plane  of  the 

orbit  will  be  ^  ^dv,  and  if  /,  Ji  and  i\  denote  the  angles  which  the 

orbit  makes  with  the  coordinate  planes,  xy,  xz  and  yz  respectively 
we  shall  have 

i^dv  cos  i  ^  b  dt 

I'dv  cos  /,  =  b'  dt  (8) 

r'du  cos  Jj  —  b"  dt 

because  the  first  members  of  (6)  are  the  projections  of  double  the 
area  described  by  the  radius  vector  during  the  instant  dt,  on  the 
planes  of  xy,  xz  and  zy. 
Squaring,  adding  and  reducing  we  have 

i^  du  =  (tf  +  A"  +  /!"*)  dt 
=  Hdt 

r'f^=H  (9) 

where  for  brevity  we  put  H"=  fi*  +  fi'»  +  h'"'. 

Let  Si  denote  the  angle  which  the  common  intersection  of  the 
plane  of  reference  and  the  plane  of  the  orbit,  makes  with  the  axis 
of  X,  or  the  longitude  of  the  node,  then  by  spherical  trigonom- 
etry we  shall  have 

cos  ii  =  —  sin  i  cos  £J  and  cos  i,  =  sin  i  sin  Q 
which  combined  with  (8)  and  (9)  give 

h    ^=^H  cos  I 

b'  =  —  H  sin  i  cos  ft  (10) 

b"  =      H  sin  i  sin  fl 
which  determine  i  and  R  when  the  arbitrary  constants  b,  b'  and 
b"  are  known,  thus  they  give 
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tan  a  =-^.njt.n,-  =  ''"'''  +  ''"''.  (11) 

If  we  multiply  equations  (5)  bj  2dx,  2dy  and  2dz  respectively, 
add  and  integrate  we  shall  find 

dx"  +  dy'  +  rfz'   ,   „     rxdx  +  ydy  +  zdz  _  _ 
dp  +  2/.J  p 0 

and  from  the  first  of  (1)  we  have 

rdr  =  xdx  -\-  ydj  4-  zdz 

Tvhich  substituted  in  the  above  and  completing  the  integration, 

gives 

^il±^i'i±*'_?«_C  =  o  (12) 

dv  r  ^      ' 

where  C  is  an  arbitrary  constant. 

But  dx'  +  dy^  +  dz*  is  the  square  of  the  space  described  by  the 

body  in  the  time  dt,  and  therefore  in  polar  coordinates. 

dy*  +  t/j'  +  dz'  _  drM-  iW 

de  di* 

which  substituted  in  (12)  becomes 

dr'  ,   r'dtfl 

dt^'^    df 

Eliminating  dt  between  (9)  and  (13)  we  obtain 


dr  _  r\'Ct^  +  2  fir— IP 
dv  H 


(14) 


But  at  the  extremities  of  the  major  axis  we  must  have  -; «, 

■^  dv        * 

and  therefore  (14)  enables  us  to  determine  the  maximum  and 

minimum  values  of  r  which  we  know  to  bea(l  +  e)  and  a(l  —  e) 

respectively.    Equating  the  second  member  to  zero  and  reducing 

we  find 

By  the  theory  of  quadratics,  the  sum  of  the  two  roots  is  equal 
to  —  _,  and  their  product  to ^,  we  therefore  have 

"  C 


whence  C  = and  H  =  Va/*  (1  —  e*) 

These  values  of  C  and  H  being  substituted  in  (14)  we  have 
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/,  Morrisoa. 
_dr  \lati  (1  — t») 

'  •\|-;'-'+2w-s;'(i-e') 


_  dr  Va;<  (1  —  e'} 

"■'      I      7r~2ii      ax  ( 1  -  e-) 

•V";  +  ? P — 

and^dividing  namerator  and  denomioator  byVa/i(l  —  «*)     and 


I  1  |.  2  1 

M       «'(!-«•)       «''(l-e>)       r' 

r 


\1- 


Id-e")-! 


Ifwe'put  1 = 


dv  — 


•  —  A    _ 

=  CO  +  COS  ■~ 


•'  Vl  —  ;[' 


<»  being  an  arbitrary  constant. 
Whence  we  have 


-  (1  — e*)  —  l=eco9  (u—  oo) 

__     a(l-e') 

1  +  ecos  {v  —  oj) 


(15) 


the  polar  equation  of  the  ellipse. 
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The  angles  v  and  <»  are  the  angles  which  the  radius  vector  and 
line  of  apsides,  make  with  a  fixed  axis  situated  in  the  plane  of  the 
orbit  or  the  true  longitude  of  the  planet  and  the  longitude  of  the 
perihelion  respectively.  The  difference  v —  a?  determines  the  an- 
gular distance  of  the  planet  from  perihelion  and  is  called  the  true 
aoomaly. 

If  the  angle  v  —  a>  is  reckoned  from  the  perihelion  then  a?  =  0 
aod  the  above  equation  becomes 

^^  a(l-e^) 
1  +  e  cos  v 


(16) 


If  instead  of  eliminating  dt  between  equations  (9)  and  (13),  we 
eliminate  dv,  we  shall  have 


and  substituting 


V' 


ic  +  %f_«- 


the  values  of  C  and  E,  we  find 


y/x  V2ar— r"— «'(1  — e") 


''yt'- 


rdr 


\lt'  VaV  —  (a  —  r)' 
wbich  is  easily  integrated  by  introducing  an  auxiliary  variable  a 
connected  with  r  by  the  relation 

r  =  a(l  — ecoso)  (17) 

whence  dr  =  ae  sin  ada 


^/|<^- 


and  dt  =  -J  —  (1  —  e  cos  u)  du 

an  expression  whose  integral  is 

nt  +  c  —  u  —  e  sina  (18) 

where  n  =  ^|-  ,  and  c!is  a  constant. 

The  angle  a  is  called  eccentric  anomaly,  nt  the  mean  anomaly 
of  the  planet  (m)  and  n  is  the  mean  moti9n.  When  we  take  for 
the  origin  of  time  the  instant  the  planet  is  in  perihelion,  c  =  0 
and  we  have 

ot=B  — esinu  (19) 
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If  however  we  reckon  the  time  to  commence  at  any  other  in- 
stant after  passing  the  perihelion  nt  must  be  increased  by  the 
constant  c  —  a>,  where  f  denotes  the  mean  longitude  of  the  planet 
at  the  origin  of  the  time  or  the  longitude  at  the  epoch,  and  then 
we  shall  have 

at  +  E  —  (B  =  u  —  e  sin  D  (20) 

Let  T  be  the  duration  of  the  sidereal  revolotion  of  the  planet 
(m)  and  a  its  mean  distance  from  the  Sun,  then  in  putting  a  = 
2ff  in  (19)  we  have  nT  =  2a 

whence  T=^  =  2w-^—  (21) 


Eliminating  r  between  (15)  and  (17)  we  have 

«  cos  (v  —  a>) 

cos  a  =  -n — i ^ — ; — r 

1  +  e cos  {v~a>) 

M)  _  1  +  e    1  - 


1  +  COB  {V  —  otj)       1  —  e'l+  cos  a 

and  tanj(t^-(»)=:.|l±*.  tanjo  (22) 

*  \1  —  e  ■* 

If  the  angle  v  to  be  reckoned  from  the  perihelion  we  have  a>  =  0 
and  the  above  becomes 


^m- 


tan  ^  a  (23) 


a  formula  which  enables  as  to  determine  the  true  anomaly  in 
terms  of  u  and  also  of  nt  the  mean  anomaly. 

To  determine  the  nature  of  the  conic  section  described  by  the 
body  (m)  in  its  motion  round  the  sun,  let  V  =  the  velocity  in  the 
orbit,  then  by  (12)  and  (13)  we  have 


K*  =  ^  +  C 


^ihl)^ 


and  as  a  is  positive  in  the  ellipse,  in6nite  in  the  parabola  and 
negative  in  the  hyperbola  we  conclude  that  the  orbit  is  an  ellipse, 
a  parabola  or  a  hyperbola  according  as 
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We  have  next  to  determine  the  value  of  i  which  is  constant  for 
the  solar  system. 

From  (21)  we  have         T'  =  4?r'  - 


In  the  case  of  the  Earth,  a  =  l,  T—  365.25638435  days  and 
the  combined  mass  of  the  Earth  and  Moon  is    _  ■^-.  =  =  m. 
Therefore  we  easily  find 

log  i  =  8.2355814 
and  in  seconds  of  arc 

log  k"  =  3  5500066 
or  A  =  3548".19  =  59'    8".19 

The  quantity  -=-  is  the  m^an  angular  motion  in  a  mean  solar 

day  and  since  ijl  +  m  differ  very  little  from  unity,  k  is  very  nearly 
equal  to  the  mean  daily  motion  of  the  Earth — a  result  which 
might  haye  been  anticipated,  because  the  mass  of  the  Sun  is  just 
such  as  will  communicate  to  the  Earth  the  mean  daily  motion 
which  it  actually  has. 

There  is  another  method  of  arriving  at  the  equation  of  the  or- 
bit described  by  the  planet,  which  we  will  now  give  for  the  pur- 
pose of  making  the  subject  as  clear  and  explicit  as  practicable. 
We  have  already  shown  (7)  that  the  plane  of  the  orbit  passes 
through  the  centre  of  the  Sun  and  if  we  take  this  as  the  plane  of 
reference  or  the  faadamental  plane,  then  z  ^  0,  and  the  general 
equations  (5)  of  undisturbed  motion  are 


rfV   I   M7- 


(26) 


and  (6)  reduces  to 
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dy         dx      , 

which  transformed  into  polar  coSrdinates  becomes 


(27) 


r'f,  =  t  (28) 


where  b  is  twice  the  area  described  in  the  time  dt. 
In  polar  coordinates  we  have 

x~  r cos  t;  and  j  =  sin  v 
then  we  have 


d  /x\  dv 


r  ain  «     ,  dv 


r' 
whence  i  =  _1.^0) 

which  substitated  in  (26)  give 

A"  fdt\rl 


(29) 


£r_      f  ±(i\  (30) 

dt'  bdt 


■Uf) 

By  the  integration  of  these  we  obtain 

"^  =  -20  +  ") 


dt  ■ 

dy 
dt  ■ 


where  a  and  /9  are  constants. 
Substituting  in  (27)  we  have 


ax  +  /Sj  +  r 
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and  eliminatiiig  /  by  the  relation  /^  =  j:*  +  j^  and  reducing  we  get 

(1  —  a«)  jK»  -  2a  /S  X7  +  (1  -  yJ")  r* 

+  "iayx  -t-  2/9x7  —  j''  =  0  (32) 

which  is  the  general  equation  of  the  conic  sections,  the  origin  of 
co5rdinates  being  evidently  at  the  focus. 

The  significance  of  the  constants  a,  /3  and  y  are  now  to  be  de- 
.  termined.    If  we  denote  by  w  the  angle  which  the  axis    of  the 
conic  makes  with  the  axis  of  x,  and  by  p  the  distance  from  the 
focus  to  the  directrix,  the  general  equation  of  the  conic  is 
(1  —  e*  cos*  aj)  jc*  —  2e*  sin  a>  cos  oo.xy+  (1  —  e*  sin'  co)  y* 

+  2e*pcos  m.  x+  2e*psin  <x>.  j  —  e'p^  =  0,       (33) 
and  comparing  the  coefficients  of  these  two  equations  we  easily 
find 

e  =  V  a»  +  /S" 

tan  »  =  ^  (34) 

If  CO  :=  0,  the  axis  of  x  coincides  with  the  axis  of  the  cnrre, 
/9  =  0  and  then  (32)  becomes 

(1  —  «*)  X  +  y  +  2a>'x  —y'  =  0 
and  if  :i  =  0,  J^Y 

=  the  semi-latus  rectum 

therefore  r  =  —  (35) 

When  fi  =  (i,a  =  e  and  (31)  becomes 
tfx  +  r  =  — 
or  in  polor  coordinates 

_  ^-  (86) 

*"  ~  1  +  e  cos  V 

the  well  known  polar  equation  of  the  conic  sections. 

In  the  preceding  formulae  (16),  (17)  and  (23)  both  r  and  v  are 
connected  with  nt, — the  mean  anomaly  which  we  shall  henceforth 
denote  by  M —  through  the  transcendental  equation  (19),  and  in 
the  integration  of  the  equations  of  disturbed  motion  it  will  be 
necessary  to  express  rand  v  as  functions  of  M. 

Writing  Af  for  nt  we  have  from  (19) 

a  =  M  +  e  sin  n 
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from  which  -we  develop  cos  u,  cos  2a,  etc.,  by  Lagrange's  theo- 
rem, thus 

Put  F{a)=cosu,  F  {M)=  cos  M,  f(M)  =  sio  M,  then  we 
shall  have 

—  3  COS  Af  +  3  cos"  M 


=  -7  COS  3  Af  —  ^  COS  M 


cos 


=  —  2  cos  2AI  +  2  cos  4  M,  etc. 

Substituting  in  the  above  we  tind 

,>  ,   e  cos2Af  —  1  ,     e"    /3        .,,      3         -,\ 
u  =  cos  iw  +  =-. 2 +  T"2  (4.  ^^^        ~  Z  '^^^      I 

+  =-^3  (—  2  cos  2Af  +  cos  4Af )  +  etc. 

=  co8  iW  +  ^cos  2M —  ^  +  -^  cos  3Af sf-'^os  M 

+  5  cos  4M  —  3  cos  2Af 


-5  +  (l-^+ )™^'^ 

(37) 


+  (2-5+ )'°'2M 


+  ^f^- JC0S3M 

+  (5 — 1  COS  4flf 

+       
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In  a  similar  manner  we  find 

cos2u  =  l    ~^  +  2*3 jcosAf 

Vos  2  M 
3V 


+  (c-^+ )cc8  3Af    (38) 

+  (<^-^+ W  *  Af 


+  ( ) 

and  so  on. 
From  (17)  and  (37)  we  easily  find 


.=0  +0 

+  (-e+-|<i' )cos  Af 

+  (-j+|'- )co83M(39) 

+  (-^+ )cc.,3Af 

+  ( ) 

whicb  expresses  r  in  tertns  of  M. 

From  (28)  we  have  -ji  —  -m 
where  h  is  twice  the  area  described  in  a  anit  of  time,  therefore 
Tfi  =  2  X  area  of  the  ellipse 
=  2»aV'T^rp 
_d.«    a' 


df  r 


■IX- f) 


and  A  =  ^ .  a'  V  1  —  e' 

.  du  _  2ir  «•    , , 

and  ^^-  j,.^.Vl_e' 

;^=      ''^-''         by  (17) 
<*■«       (1  -  e  cos  a)' 

=  (1  — e')'(l— ecosn) 
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Developing  the  second  member  by  the  binomial  theorem  and 
changing  the  powers  of  cos  a  to  the  cosines  of  multiples  of  a  we 
have 

^=:(l-e2)*(l-eco6ur* 

=  (l  +  e3  +  e«+ ) 

+  2  (e  +  e*  +  e*  +    .  .  ' )  cos  n 

+  (I  «»  +  ^  e*  + )  cos  2« 

+  (e.  +  ^  e*  + )  cos  3u 

+  ( )   .  -  . 

Substituting  the  values  of  cos  a,  from  (37)  (38),  etc.,  raulti- 
plying  by  dM  and  integrating  we  obtain 

v  =  M+(2e-^  +  l^,+ )sinM 

,   /'5e2       lie*  X    .    „„ 

+  C-2^-3:2.+ )''°^^ 

+  C3r2-=-^^+ )8m3M 


-h 

No  constant  is  added  because  i^  =  0  when  Af  =  0. 

The  quantity  v  —  M  is  the  equation  of  the  centre. 

For  a  more  elaborate  development  of  these  formulae  extended 
to  the  12th  power  of  e  and  to  the  12th  multiple  of  u  and  Af,  see 
my  paper  in  Monthly  Notices  of  the  Royal  Astronomical  Society, 
Vol.  43,  No.  7.  . 

The  formulae  JDst  derived  enable  us  to  arrive  at  an  approxi- 
mate integration  of  the  formulae  (4)  for  disturbed  motion. 


As  announced  before  in  this  magazine,  we  have  received  Vol.  1 
of  the  publications  of  Sir  William  Huggins' Observatory  atTulse- 
hill,  London,  England.  The  full  title  of  this  noble  volume  is  "An 
Atlas  of  Representative  Stellar  Spectra  from  A  4870  to  A.  3300. 
There  is  added  a  discussion  of  the  evolutional  order  of  the  stars, 
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and  an  interpretation  of  their  spectra,  preceded  by  a  short 
history  of  the  Observatory  and  its  work.  The  book  is  a  large 
quarto  in  form,  printed  on  fine,  heavy  plate  paper,  with  some 
titles  and  initial  letters  in  red  ink.  It  contains  165  pages  with 
13  full  page  plates  of  representative  and  most  interesting  stellar 
spectra.  The  plates  are  beautiful  and  perfect  half-tonesinalmost 
every  particular  and  the  large  scale  in  which  tbcy  appear  makes 
them  most  valuable  for  comparison  or  for  general  reference. 
The  book  as  a  whole  is  a  superb  specimen  of  printing,  and  is 
surely  very  creditably  to  the  publishers,  Messrs.  Wm.  Wesley  & 
Son  of  London,  one  of  the  oldest  and  best  known  publishing 
houses  in  the  world, 

On  account  of  its  real  scientific  valoe,  this  book  ought  to  find 
ready  sale  in  America;  for  certainly  scientists,  Observatories, 
scientific  libraries  and  the  best  general  libraries  will  want  a  late, 
authoritative  work  on  stellar  spectroscopy  by  an  author  who  is 
recognized  everywhere  as  one  of  the  first,  if  not  the  leading  one  in 
his  chosen  field  of  work. 

Dr.  Huggin's  Observatory  at  Tulse-ljill  is  widely  known  among 
astronomers  as  the  pioneer  institution  in  applying  the  spectro-; 
scope  to  astronomy.  It  was  early  in  the  sixties  that  Dr.  Hnggins 
began  this  work,  and  the  rapid  discoveries  which  he  made  have 
served  as  the  foundation  of  the  new  astronomy  which  has  since 
grown  so  rapidly  and  which  still  promises  more  and, more  by  the 
aid  of  celestial  photography.  The  broad  outlook  in  science  thus 
opened  appears  to  be  limitless  in  the  way  of  better  observation, 
permanent  record  and  more  refined  and  satisfactory  measurement. 
These  are  the  great  factors  of  real  progress  to  which  thepractical 
astronomer  must  ever  look  with  increasing  dependence  as  the 
limits  of  his  field  of  labor  and  discovery  are  widened  and  removed 
farther  and  farther  from  the  well  beaten  paths  of  knowledge. 

When  Dr.  Huggins  began  to  apply  the  spectroscope  to  the 
study  of  the  stars,  the  difficulties  which  he  met  and  was  obliged 
to  overcome  were  enormous.  These  are  briefly  set  out  in  the 
first  chapter  of  this  volume  which,  in  this  regard,  is  especially 
good  reading  for  young  people  who  are  anxious  to  do  something 
in  new,  or  comparatively  new  lines  of  work,  and  imagine  the  task 
will  be  an  easy  one  when  they  once  get  at  it.  The  experiences  of 
such  pioneers  who  have  worked  most  industriously  for  nearly 
two  scores  of  years  mast  contain  lessons  of  great  value  for  those 
who  would  walk  in  like  illustrious  paths. 

It  was  the  announcement  of  Kircbofi* in  1858,  that  he  had  dis- 
covered the  true  nature  and  the  chemical  conditions  of  the  Sun, 
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from  his  interpretation  of  the  Fraunhofer  lines  that  filled  the 
mind  of  Dr.  Hoggins  with  thoughts  of  a  new  method  for  working 
out  some  of  the  hard  problems  pertaining  to  the  heavenly  bodies, 
which  no  one,  thus  far,  had  been  able  to  solve  bj  the  methods  of 
the  old  astronomy.  With  the  fresh  zeal  of  inventive  thonght.  Dr. 
Hnggins  at  once  wanted  to  apply  the  KirchofiF  method  of  the  so< 
lar  spectrum  to  the  study  of  the  stars.  He  consulted  scholarly 
friends  who  would  be  most  likely  to  give  him  helpful  counsel  in 
regard  to  the  probability  of  success  in  such  an  undertaking;  but 
they  were  uncertain,  if  not  quite  sure,  of  failure,  in  sach  an  at- 
tempt, because  they  thought  the  light  of  the  stars  too  faint  for 
spectra,  and  because  of  the  Earth's  motion  which  no  clock-work 
-  was  deemed  true  enough  to  control  for  the  length  of  time  needed 
for  the  delicacy  of  spectroscopic  work.  If  the  Heideberg  professor 
needed  all  the  light  of  the  Sun  for  the  study  of  the  solar  spectrum, 
how  could  any  one  hope  for  success  in  trying  to  get  the  spectrum 
of  the  brightest  of  the  stars,  when  it  is  remembered  that  the  light 
of  the  Sun  is  40,000,000,000  times  as  great  as  that  of  Vega, 
which  is  more  than  a  first  magnitude  star.  It  was  at  once  evi- 
dent, also,  that  the  prism  by  which  the  spectrum  was  to  be  se- 
cured, could  not  be  placed  in  front  of  the  object  glass  of  the  tele- 
scope, as  Kirchoff  had  done,  even  if  the  spectrum  of  any  star 
would  be  bright  enough  for  observational  uses,  for  it  would  not 
then  be  possible  to  get  at  the  same  time,  a  spectrum  of  some  ter. 
restrial  substance  which  would  serve  as  a  comparison  for  the 
sake  of  identifying  that  which  might  appear  in  a  star  spectrum. 
Hence  it  was  necessary  to  attach  the  prism  to  the  eye-end  of  the 
telescope,  and  adapt  it  in  such  a  way  that  these  two  spectra 
needed  could  be  satisfactorily  obtained  and  be  definitely  compared. 
This  was  not  all.  The  telescopic  image  of  a  star,  if  we  do  not 
consider  the  spurious  part  of  it,  is  only  a  point,  and  its  spectrum 
would  be  ordinarily  a  narrow  line  of  light  without  width  enough 
to  show  the  presence  of  dark  lines  across  it,  in  a  way  suitable  for 
study  or  measurement.  To  get  this  necessary  breadth  of  spec- 
trum band  was  a  difiicult  task.  It  was  finally  accomplished  by 
means  of  a  special  lens  placed  in  front  of  the  slit  of  the  spectro- 
scope and  within  the  focus  of  the  telescope,  that  would  give  just 
breadth  enough  to  the  point-like  image  of  the  star  needed  and  no 
more,  for  the  brightness  of  the  band  must  diminish  as  its  width 
increases,  and  the  amount  of  light  for  use  was  too  small  to 
expend  in  that  way  except  as  it  was  absolutely  necessary. 

So  much  has  been  said  to  give  some  idea  of  the  problem  that 
our  author  had  to  solve  in  order  to  make  the  first  stellar  spectro- 
scope.   It  is  now  so  easy  a  task  to  obtain  fine  and  complete  instru- 


v*^.00^1C 


Representative  Stellar  Spectra. 


ments  of  tbis  kind  that  probably  astronomers  themselves  do  oot 
often  realize  the  bard  work  that  was  done  in  those  earl;  days  of 
pioneering  in  spectroscopy.  It  has  been  well  said  by  another 
that  such  work  demands  a  sacrifice  of  time  that  is  very  great 
when  compared  with  the  amount  of  information  that  the  inves- 
tigator will  be  able  to  obtain;  and  this  is  true  in  some  things 
relating  to  the  early  progress  of  the  new  astronomy,  bot  it  is 
also  true  that  the  first  ten  years  of  the  new  science  revealed  more 
new  and  astonishing  things  in  the  way  of  important  discoveries 
than  have  come  to  astronomy  in  any  other  like  period  of  time 
since  the  invention  of  the  visual  telescope. 

If  we  had  now  the  time  and  space  at  command,  it  would  well 
repayuSjto  set  out,  in  detail,  the  wonderful  history  of  those  early 
years  so  admirably  penned  by  Dr.  Huggins  in  the  volume  before 
us.  But  we  must  be  content  only  to  give  a  passing  notice  of  the 
more  prominent  parts  of  it  which  are  already  familiar  to  those 
acquainted  with  the  elementary  knowledge  of  spectroscopy. 

In  1863  Dr.  Huggins  gave  diagrams  of  the  spectra  of  Sirius, 
Betelgeux  and  Aldebaran  in  a  preliminary  note  to  the  Royal 
Society  under  the  head,  "On  the  Lines  of  Some  of  the  Fixed 
Stars,"  with  the  statement  that  be  had  observed  the  spectra  of 
some  forty  stars  and  also  the  spectra  of  Jupiter  and  Mars.  It  is 
an  interesting  fact  to  be  noted  in  this  connection,  that  oar  Mr. 
Rutherford  of  New  York,  independently  began  the  same  kind  of 
work,  about  the  same  time,  and  a  little  later,  Sicchi  of  Rome  and 
Vogcl  in  Germany, 

In  February  of  the  same  year  attempts  were  made  to  photo- 
graph the  star  spectra,  with  some  success,  by  the  wet  colodion 
process,  but  the  method  was  so  inconvenient  that  it  was  not 
continued,  and  the  photography  of  stellar  spectra  was  not  re- 
sumed until  1875.  The  dry  colodion  plates  were  not  used  at 
this  time  because  they  were  not  rapid  enough  for  the  work  de- 
sired. 

The  next  thing  needed  in  the  new  work  was  a  convenient 
map  of  the  spectra  of  the  chemical  elements.  Such  a  map 
did  not  then  exist,  KirchofTs  maps  contained  only  a  few 
elements  on  an  arbitrary  scale,  relatively  to  the  solar 
spectrum,  and  as  sunlight  could  not  be  used  at  night  for  com- 
parison, such  a  scale  was  almost  useless.  To  supply  this  want 
Dr.  Huggins  spent  the  greater  part  of  the  year  1863  in  mapping 
the  spectra  of  twenty-six  chemical  elements  with  a  train  of  six 
prisims,  the  scale  used  being  the  spark  spetram  of  common  air, 
at  first  carefully  referred  to  that  of  purified 'oxygen  and  nitrogen. 
With  such  a  map  for  reference,  the  work  of  tbe  following  year 
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went  on  successfully  and  rapidly,  as  one  after  another  the  terres- 
tial  elements  of  iron,  hydrogen,  sodium,  magnesium  and  calcium 
were  easily  and  certainly  found  in  the  substance  of  the  stars,  re- 
vealing the  stupendous  fact,  that  these  tiny  twinkles  of  night  are 
great  Suns  claiming  kinship  with  our  own  orb  ol  day  in  the  real 
unity  of  one  vast  universe,  so  beautiful,  and  so  sublime  in  the 
Creator's  designing  thought,  that  a  finite  mind  stands  in  awe  at 
the  appalling  concept. 

Oq  August  29,  1864,  Dr.  Huggins,  for  the  first  time,  directed 
bis  telescope  to  the  planetary  nebula  in  Draco.  He  was  curi< 
ously  expectant  to  know  if  he  could  gain  any  knowledge  about 
the  nature  of  the  mysterious  nebulae  which  Herschel,  Rosse  and 
many  others  had  studied  long  and  profoundly,  but  without  sat> 
isfactory  results.  His  description  of  the  first  view  of  the  spec> 
trum  of  a  nebulous  body  is  graphic  indeed,  and  is  interesting 
reading,  even  now  after  a  lapse  of  thirty. six  years. 

When  he  looked  into  the  spectroscope,  no  such  view  was  seen 
as  was  anticipated.  Only  a  single  bright  line  at  first.  Looking 
a  little  more  closely  he  saw  two  other  bright  lines  on  the  side 
towards  the  blue  with  dark  spaces  between  them.  Snch  a  sight 
from  such  a  source  probably  never  before  had  been  seen  by  mor- 
tal eyes.  Can  we  wonder  that  Dr.  Huggins  at  first  thought  that 
something  must  be  wrong  with  the  spectroscope?  But  he  knew 
bis  instrument  too  well  to  wait  long  for  the  wonderful  meaning 
of  this  very  wonderful  discovery.  The  light  from  the  nebula  is 
truly  monochromatic,  therefore  it  is  not  an  aggregation  of  stars, 
it  is  truly  a  mass  of  luminous  gas. 

The  great  question  that  had  so  long  baffled  the  skill  of  the  best 
scholars  was  at  last  solved,  but  like  other  important  discoveries 
in  science,  its  answer  brought  up  a  hundred  others  in  its  place,  of 
less  moment  to  be  sure,  but  all  pressing  for  answer  like  the  first. 
What  is  the  full  meaning  of  these  bright  lines?  Are  the  nebulae 
very  hot,  or  only  comparatively  so?  Are  they  very  far  away  or 
only  of  the  same  order  of  distance  as  the  stars.  More  observation, 
more  thought  and  the  opportunity  for  more  work  are  the 
coveted  things  that  await  the  enthusiastic  zeal  of  those  who  will 
press  their  way  into  the  new  and  vast  fields  of  research  now  al- 
ready so  auspiciously  opened. 

At  another  time  we  must  say  more  about  Dr.  Hugging'  early 
work  on  comets,  variable  stars  and  double  stars  as  well  as  call 
attention  to  the  splendid  services  which  the  authors  of  this  book 
have  rendered  to  science  in  the  later  years  of  their  lives. 

The  net  price  of  this  new  volume  is  $5.  Send  to  Messrs.  Wm, 
Wesley  &  Son,  28  Essex  Street,  Strand,  London,  England. 
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MS&.SDRBMBNT  OP  PHOTOGRAPHIC  INTENSITIES. 

BDWARD  C.  PICKBRINO. 

The  comparisoo  of  various  celestial  and  terrestrial  sources  of 
light  has  for  many  years  been  a  subject  for  investigation  by  the 
oflicers  of  this  Observatory.  One  of  the  first  i;on)parisotis  of  the 
light  of  the  Sun  and  Moon  vwas  made  by  Professor  George  P. 
Bond  in  1861  {Mem.  Araer.  Acad.  VIII,  N.  S  ,  p.  298).  Compari- 
sons of  the  light  oJ  thesolar  corona,  of  the  Moon,  and  of  twilight, 
with  a  standard  candle  were  made  by  the  writer  in  1870.  A  com- 
parison of  various  artificial  lights  was  made  by  Professor  W.  H. 
Pickering,  as  his  graduating  thesis  in  1879  {Proc.  Amer.  Acad. 
XV,  236).  Since  1887,  all  the  photographs  obtained  with  the 
principal  instruments  of  this  Observatory  have  had  an  image  of 
a  standard  light  photographed  on  them  for  purposes  of  compari- 
son.  In  1887,  when  Mr.  W.  H.  Pickering  was  placed  in  charge  of 
the  Boyden  Department,  an  important  part  of  his  work  was  a 
quantitative  determination  of  photographic  intensities.  This  in- 
vestigation was  completed  in  1891,  and  the  results  are  published 
in  the  Annals,  Volume  XXXII,  Chapter  I.  The  relative  bright- 
ness of  10,498  stars,  for  the  wave  length  430,  was  determined  by 
Mrs.  Fleming  and  was  published  in  1890  in  the  Draper  Catalogue 
(Annals,  Volumes  XXVI  and  XVII).  An  independent  determina- 
tion of  the  total  photographic  brightness  of  the  stars  was  under- 
taken in  1896  by  photographing  stars  out  of  focus.  As  none  of 
these  investigations  served  to  determine  certain  constants,  which 
seemed  to  the  writer  to  be  important,  a  more  extensive  in- 
vestigation was  assigned  to  Mr,  Edward  S.  King,  under  whose 
direction  the  photographs  are  taken  at  Cambridge,  This  work 
has  been  modified  and  extended  by  Mr.  King,  so  that  it  now  in- 
cludes the  following  researches,  which  he  describes  below: — 

In  1896,  a  monthly  test  of  plates  was  inaugurated,  which  was 
of  routine  character,  A  complete  determination,  not  only  of  the 
sensitiveness  of  the  emulsion,  but  of  the  constancy  of  the  light 
and  of  the  developer  employed,  is  obtained  by  the  expenditure  of 
one  8x10  plate  per  month  (photogram,  VI,  261).  The  means  of 
the  results  of  these  tests,  extending  over  a  long  period  of  time 
and  necessarily  subject  to  all  the  accidental  errors  due  to  season 
or  other  factors,  will  probably  show  the  effect  of  the  age  of  the 
plate  on  its  sensitiveness,  whether  the  image  is  affected  by  the  in- 
terval between  the  exposure  and  the  development,  and  other 
facts  of  similar  interest. 
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About  the  same  time  with  the  above,  the  director  suggested 
that  an  extensive  investigation  be  undertaken  of  the  photo* 
graphic  measurements  of  various  sources  of  light.  The  work  was 
to  be  systematized  into  a  routine,  which  should  occupy  the  least 
time  in  making  the  observations.  By  extending  the  period  over 
years  and  by  performing  each  experiment  under  the  most  diverse 
circumstances,  the  final  results  should  be  of  great  accuracy.  Pre- 
litninary  to  this  work,  an  apparatus  was  constructed  for 
making  photographic  wedges  in  which  equal  intervals  of  the 
scale  corresponded  to  equal  differences  in  stellar  magnitude.  The 
general  design  was  the  same  as  that  described  in  the  Annals,  Vol- 
ume  XXVI,  6.  except  that  the  triangular  aperture  was  replaced 
by  an  aperture  bounded  by  a  logarithmic  curve.  The  part  of  the 
curve  extending  to  minus  infinity,  but  enclosing  a  finite  area,  is 
represented  by  admitting  light  through  an  additional  aperture  of 
equivalent  area.  This  apparatus,  having  a  range  in  aperture  of 
five  magnitudes,  is  useful  for  measuring  the  intensity  of  surfaces 
directly,  or  of  bright  objects,  when  the  aperture  is  covered  with 
porcelain.  It  is  also  of  value  in  comparing  the  sensitiveness  of 
plates,  and  for  studying  the  relation  of  the  darkening  of  the  film 
to  the  exposure,  and  to  the  intensity  of  the  light. 

The  object  of  this  investigation  is  to  determine  the  photo- 
graphic intensity  of  various  sources  of  ligh  t  upon  a  uniform  scale. 
This  scale  will  be  that  of  the  Meridian  Photometer,  in  which  a 
Ursas  Minoris  has  the  magnitude  of  2.15.  and  one  unit  corre- 
sponds to  the  ratio  of  2.518,  whose  logarithm  is  0,400.  Lumin- 
ous points  may  be  compared  directly  with  stars.  In  the  case  of 
surfaces,  the  light  emitted  by  a  circle  having  a  diameter  of  one 
minute  of  arc  is  employed.  In  general,  different  portions  of  the 
same  photographic  plate  are  exposed  fur  a  given  time  to  the 
sources  of  light  to  be  compared,  and  the  darkening  measured 
with  a  photographic  wedge.  ■> 

Observations  of  surfaces  will  include,  intensity  of  the  skyat  dif- 
fereot  distances  from  the  Sun ;  the  sky  in  the  zenith  during  twi- 
light,  on  clear  and  cloudy  days,  on  dark  and  moonlight  nights; 
comparisons  of  blue  sky  with  cumulus  cloud ;  intensity  of  Milky 
Way,  Aurora,  and  Zodiacal  Light.  For  this  purpose  pinhole 
cameras  are  used  with  various  apertures.  For  very  faiot  lights, 
apertures  subtending  an  angle  of  60°  or  more  are  used.  When 
possible,  automatic  devices  are  employed,  both  to  make  the  ex- 
posure and  to  shift  the  plate. 

For  measuring  luminous  points,  the  light  concentrated  by  a 
lens  illuminates  the  plate  placed  at  various  distances  from  the 
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focus.  In  this  manner,  bright  stars,  the  planets,  and  the  Moon 
at  different  phases  and  latitudes,  may  be  compared  with  a  Ursae 
Minoris  or  an  artificial  light  placed  at  a  distance.  It  is  also 
necessary  to  determine  the  effect  of  any  slight  fogging  before, 
after,  or  during  the  principal  exposure.  The  total  and  local  ab- 
sorption of  the  lens  will  also  be  measured.  The  same  objects  are 
also  compared  directly  by  pinhole  cameras.  In  using  a  pinhole 
camera  to  measure  points  differing  greatly  in  brightness  the  du- 
ration of  the  exposure  must  be  varied.  This  necessitates  a  study 
of  the  darkening  of  the  plate  with  relation  to  time.  The  com- 
parison is  made,  in  all  cases,  with  a  light,  producing  an  equetl 
darkenipg  in  the  same  time.  Another  factor  may  be  introduced 
by  inclining  the  plate.  An  angel  of  60°  is  equal  to  a  diminution 
of  one-half,  or  about  three-quarters  of  a  magnitude.  The  exact 
amount  corresponding  to  the  inclination  used,  must  be  determin- 
ed by  experiment. 

The  determination  ot  the  light  of  the  Sun  is  a  difficult  prob- 
lem. The  light  may  be  reduced  by  a  distant  lens  of  short  focus, 
and  compared  with  the  standard  light  similarly  reduced,  but  at 
less  distance.  Another  way  is  by  a  combination  of  lenses  like  a 
telescope,  which  enlarges  or  reduces  objects,  as  vre  look  through 
one  end  or  the  other.  The  absorption  of  the  instrument  is  thus 
eliminated.  Two  plates  of  glass,  placed  so  as  to  give  mutiple  re- 
flections, will  also  afford  a  wide  range  of  exposure,  as  well  as  a 
means  of  comparing  lights  of  great  difference  in  intensity.  Pin- 
hole cameras  having  the  aperture  covered  with  a  porcelain  plate 
can  be  constructed  so  as  to  give  a  range  of  15  to  20  magnitudes, 
which  is  sufHcient  for  comparing  the  Sun  and  the  Moon.  A  sec- 
ond pinhole  camera  placed  in  front  will  cut  off  the  light  of  the 
sky  from  the  aperture.  The  absorption  and  the  diffusing  power 
of  the  porcelain  plate  must  be  measured  independently.  In  all 
the  precedilig  plans  the  sensitiveness  of  the  plates  to  different 
colors  affects  the  results.  By  combining  a  slit  spectroscope  with 
the  cameras  just  described,  a  comparison  of  the  light  of  the  Sun 
and  the  Moon  may  be  made  in  different  parts  of  the  spectrum, 
corresponding  to  given  wave  lengths. 

The  comparison  of  the  spectum  of  the  various  sources  of 
light  possesses  many  advantages.  The  work  is  placed  on  such  a 
basis  that  the  results  are  freed  from  the  troublesome  questions  of 
absorption,  sensitiveness  of  the  plate,  etc.,  and  are  rendered  di- 
rectly comparable  with  those  that  may  be  obtained  at  diflereat 
times,  by  other  observers,  under  widely  differing  circumstances. 
In  fact,  the  results  should  be  the  same  as  those  obtained  by  the 
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eye,  the  bolometer,  or  in  any  other  manner  that  may  be  devised. 
All  these  measures  may  be  made  either  with  a  telescope  and  ob- 
jective prism,  or  with  a  slit  spectroscope  combined  with  a  pin- 
hole camera  or  telescope.  With  the  objective  prism  the  spectra 
are  made  of  the  same  width,  either  by  interposing  a  cylindrical 
lens,  by  moying  the  plate  at  the  same  eqaabte  rate  for  each  ex- 
posure,.or  by  throwing  the  image  out  of  focus.  In  the  latter 
case,  a  rectangular  aperture  should  be  placed  over  the  prism,  so 
as  to  give  width  with  a  minimum  loss  of  definition.  With  the 
moving  plate,  a  variation  of  light  is  obtained  by  covering  one- 
half  of  the  prisim  at  a  time,  along  a  line  perpendicular  to  its  edge. 

The  standard  light  used  is  an  ordinary  Argand  gas  burner 
shining  through  a  small  bole.  The  star  a  Ursae  Minoris  is  made 
the  ultimate  standard  to  which  all  work  is  referred,  since  the 
standard  light  is  compared  with  it  before  and  after  each  monthly 
test  of  the  plates.  In  addition  to  the  wedges  for  measuring  the 
density  of  photographic  plates  a  polarizing  photometer  is  used 
for  comparing  surfaces  with  each  other. 

Early  in  1900,  while  this  work  was  in  progress,  Mr.  W.  H. 
Pickering,  in  preparing  to  observe  the  Solar  Eclipse  of  May  28, 
desired  to  select  a  suitable  plate  and  developer  for  the  work,  and 
accordingly  undertook  the  following  investigation,  which  he  de- 
scribes below: — , 

A  suitable  standard  of  light  has  long  been  wanted  in  photo- 
graphy. Artificial  sources  usually  give  even  more  uncertain  re- 
sults photographically  than  they  do  visually,  because  a  slight 
variatioa  in  temperature  will  effect  the  blue  end  of  the  spectrum 
even  more  than  the  red  end.  In  1893  it  occurred  to  the  writer  to 
employ  as  a  primary  standard  of  actinic  intensity  the  radiation 
of  a  star  shining  directly  upon  the  photographic  platCi  without 
previously  passing  through  or  being  reflected  from  any  medium, 
except  our  atmosphere.  Since  this  standard  is  too  faint  for 
general  use,  a  secondary  one  to  be  standardized  from  it  has  been' 
devised.  The  light  from  the  star  is  condensed  through  a  simple 
plano-convex  lens  of  8.2  cm.  aperture  and  short  focus,  and  is 
focused  on  a  small  circle  of  ground  glass  0.5  cm.  in  diameter. 
This  is  placed  3  cm.  in  front  of  the  sensitive  plate,  which  is  ex- 
posed to  it  through  a  small  square  aperture  measuring  0.2  cm. 
on  a  side,  cut  in  a  blackened  brass  plate.  The  constant  of  this 
instrument  was  determined,  and  it  was  found  to  give  about 
thirty  times  the  light  of  the  direct  radiation  of  a  star  upon  the 
photographic  plate.  With  twenty  minutes  exposure  a  Ursae 
Minoris  darkened  the  plate  sufficiently  to  produce  the  "Sensitive 
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Tint,"  that  is  to  say  the  tint  where  a  small  variation  in  the  light 
is  most  noticeable.  The  secondary  standard,  however,  is  not 
sufficiently  brilliant  for  ordinary  purposes,  and  a  tertiary  one 
has  therefore  been  devised.  This  consists  of  a  box  bO  cm.  in 
length,  one  end  of  which  contains  an  aperture  5  cm.  in  diameter, 
covered  by  a  piece  of  ground  glass,  and  the  other  end  carries  the 
sensitive  plate  and  the  blackened  brass  plate  described  above. 
Just  inside  the  ground  glass  may  be  placed  diaphragms  ranging 
from  0.04  to  4.0  cm.  in  diameter.  At  a  distance  of  about  200 
cm.  beyond  the  ground  glass  is  placed  an  Argand  gas  burner. 
This  apparatus  gives  ample  light  for  all  photographic  purposes, 
and  the  plates  exposed  in  it  may  always  be  standardized  when 
necessary  by  an  additional  exposure  to  the  secondary  standard. 

The  three  pieces  of  apparatus  above  described  are  adapted  to 
various  investigations.  Thus  the  photographic  brightness  of 
the  Moon,  and  of  the  brighter  stars  and  planets,  may  be  measur> 
ed  with  accuracy  by  employing  different  apertures  in  front  of  the 
lens  of  the  secondary  standard,  and  measuring  the  brightn&s  of 
the  various  images  obtained  by  means  of  a  photographic  wedge, 
or  a  series  of  standard  squares  of  varying  density.  It  is  very 
important  to  vary  the  aperture  rather  than  the  time  of  exposure, 
since  the  results  obtained  in  the  latter  case  would  have  to  be 
corrected  by  the  "time  Correction"  (Annals,  Volume  XXXII,  20). 
The  secondary  standard  also  enables  us  to  express  the  sensitive- 
ness  of  a  plate,  in  terms  of  universal  application  throughout  all 
time.  Thus  the  Seed  plate  No.  27  is  capable  of  being  appreci- 
ably darkened  when  exposed  for  ten  minutes  to  a  source  equal  to 
300  times  the  brightness  of  a  Ursae  Minoris.  This  amount  of 
light  is  equal  to  about  thirty  times  the  brightness  of  a  star 
whose  photographic  magnitude  is  0.0.  The  logarithm  of  this 
number,  1.5,  may  be  conveniently  used  to  represent  the  sensitive- 
ness of  the  Seed  plate.  By  the  use  of  the  secondary  and  tertiary 
standard,  together  with  an  ordinary  photographic  telescope,  we 
raay  make  a  study  of  the  brightness  of  nebulae,  comets  and  other 
luminous  surfaces. 

From  these  various  investigations  it  is  hoped  that  we  shall  ob- 
tain a  scale  of  photographic  intensities  with  which  all  sources  of 
light  may  be  compared  and  to  which  they  may  be  referred. 

Harvard  College  Observatory  Circular  No.  50. 
May  9, 1900. 
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NON-EUCL.IDBAN  GEOMETR'V. 

W.  H.  S.  MONCK. 

The  question  of  the  universal  validityof  Euclid's  axiom  regard- 
ing parallel  lines  was  one  which  exercised  h  good  deal  of  my  at- 
tention many  years  ago  when  I  was  a  student.  I  came  to  the 
conclusion  that  strict  proof  was  impossible,  but  that  the  axiom 
itself  was  true  and  that  the  objections  to  it  arose  either  from  not 
realizing  its  real  import  in  the  imagination,  or  from  losing  sight 
of  the  fact  that  we  were  dealing  with  the  real  properties  of  space 
and  that,  as  always  happens  wben  we  apply  algebraic  or  sym- 
bolical reasonings  to  real  objects,  we  might  readily  carry  this 
symbolism  too  far.  At  this  time  I  took  no  interest  in  astronomy. 
Indeed  the  book  then  used  in  Dublin  University  would  hardly 
have  led  any  one  to  think  that  astronomy  was  a  physical  science 
of  a  veiy  progressive  character. 

But  one  thing  it  seemed  to  me  thatLegendre  did  establish  with- 
out the  aid  of  Euclid's  famous  axiom  viz:  that  the  three  angles  of 
a  plane  triangle  could  not  exceed  two  right  angles.  The  difficulty 
was  to  prove  that  they  could  not  be  less — perhaps  even  less  than 
one  right  angle.  The  proof  that  they  cannot  be  greater  is  sub- 
stantially the  following: 
Let  ABC  be  any  triangle  and  letCbeits  greatest  angle  and  £  the 
next  in  magnitude.  Draw  AD  bisect- 
£  ing  SCand  make  i?£  equal  to  ^Dand 
join  CE.  Now  the  triangle  EDC  is  evi- 
dently equal  in  all  respects  to  the 
triangle  ADB,  and  the  sum  of  the 
three  angles  of  the  triangle  AEC  is 
evidently  equal  to  that  of  the  orig- 
inal triangle  ABC.  But  the  angle 
ACE'is  equal  to  the  sum  of  the  two  greates  tangles  of  the  original 
triangle  ABC  viz;  ACB  and  ABC.  We  can  repeat  this  process  as 
often  as  vre  like  (bisecting  AC  icstead  of  CE  next  time,  if  that 
course  will  increase  the  angle  atC  more  rapidly),  and  by  carrying 
this  proces  on  sufficiently  far  we  can  obtain  a  triangle  the  sum  of 
whose  three  angles  is  the  same  as  that  of  the  original  triangle, 
but  the  two  smaller  angles  in  which  taken  together  do  not 
amount  to  one-millionth  (or  one  hundredth  millionth)  part  of 
the  smallest  of  the  three  angles  of  ABC. 
It  seemed  to  me  also  that  the  failure  to  prove  Euclid's  axiom 
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in  the  terms  laid  down  arose  from  the  difficulty  of  applying  the 
principle  of  superposition  to  infinites.  Let  us  suppose  a  namber 
of  right  lines  drawn  from  a  centre  and  produced  to  infinity,  the 
angles  between  each  successive  pair  being  equal.  Then  if  the 
principle  of  superposition  were  applied  each  adjacent  pair  of  lines 
would  enclose  an  equal  space,  and  if  there  were  a  million  such 
lines  each  pair  would  enclose  one  millionth  part  of  the  whole 
plane  extended  to  infinity.  Now  on  the  contrary  take  a  pair  of 
right  lines  crossing  a  third  in  such  a  manner  that  the  two  inter- 
ior angles  are  together  equal  to  two  right  aofi;les. 

Let  A^*  be  the  intersected  line  and  let  the  two  intersecting  lines 
be  CF  and  DG.  Take  DB  =  CD  and  draw  BH  making  the  angle 
DEH  =  the  angle  CDG.  Suppose  all  four  lines  produced  to  in- 
finity towards  the  right.  Then  applying  the  principal  of  super- 
position the  space  enclosed  between  the  CF  and  DG  and  that  en- 
closed between  the  lines  DG  and  EH  (to  the  right  of  the  intersect- 
ing line  AB)  will  be  equal.  But  if  AB  be  produced  to  infinity  we 
can  mark  off  as  many  segments  equal  to  CD  upon  it  as  we  please 
and  draw  lines  under  similar  conditions  through  the  concluding 
point  ol  each  segment.  Consequently  the  space  included  be- 
tween the  pair  of  lines  CF,  DG  produced  to  infinity  and  the  in- 
tersecting line  AB  does  not  bear  any  finite  proportion  to  the 
whole  plane  extended  to  infinity. 

Then  draw  C/ such  that  the  two  angles  CCG, /)Cr are  together 
less  than  two  right  angles,  reduce  all  the  lines  to  infinity.  The 
space  included  in  the  angle  FCI  is  greater  than  that  included  in 
between  the  lines  CFand  DG  since  the  former  bears  a  finite  ratio 
to  the  entire  plane  extended  to  infinity  while  the  latter  does  not. 
But  if  the  line  CI  does  not  intersect  the  line  DG  the  former  space 
is  included  in  the  latter  space  and  we  should  have  a  part  greater 
than  the  whole.  Consequently  it  the  principle  of  superposition 
is  applicable  to  infinity  Euclid's  axiom  holds  good. 

But  it  will  be  said  that  our  experience  can  never  extend  to  in- 
finity and  we  are  therefore  not  warranted  in  extending  any  prin- 
ciple of  infinity.  I  do  not  desire  to  enter  into  the  metaphysics  of 
the  question.  I  will  only  say  that  what  holds  good  within  the 
limits  of  our  experience  may  be  fairly  assumed  to  hold  good  be- 
yond these  limits  until  we  see  some  reason  to  the  contrary.    And 

*  By  miatake  this  cat  was  not  enKravnl.  The  reader  can  easily  aupplj  it  by 
refereoce  to  tbe  figure  on  page  336  with  the  followinf;  angKeatioiiB:  AB  m  tbe 
■arae  in  both  figures,  if  A  and  B  be  placed  respectivelv  a  little  higher  and  lower 
than  at  the  poinU  of  intersection  ol  the  lines.  Id  tne  wanting  cat  CF  is  the 
•ameaBAC.C7asi4£.  and  EH  m  BD.  Then  draw  a  parallel  liae,  DO,  midway 
between  CF  and  EH  and  the  new  figure  is  complete.— Ed. 
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I  think  if  Euclidean  geometry  did  not  hold  good  with  respect  to 
the  most  distant  stars  that  we  have  tried,  its  failure  ought  to  be 
brought  to  light  by  our  researches  on  parallax.  If  the  three 
angles  of  a  triangle  with  very  long  sides  fell  short  of  180"  we 
should  probably  find  a  considerable  parallax  for  any  very  remote 
star;  while  if  it  exceeded  180°  we  ought  to  discover  many  more 
negative  parallaxes — perhaps  of  considerable  amount — than  we 
have  done.  Our  researches  are  as  far  as  I  know  grounded  on  the 
assumption  that  the  three  angles  of  the  triangle  (whose  base 
consists  of  the  line  going  two  points  on  the  earth's  orbit  and 
whose  base  angles  are  deduced  from  observation)  are  equal  to 
180°.  Nor  is  this  the  only  instance  in  which  such  an  assumption 
is  made;  but  it  is  not  necessary  to  enter  into  details. 

Although  I  am  a  firm  believer  in  Euclidean  geometery  I  am 
quite  prepared  to  accept  any  evidence  derived  from  observations 
on  stars  presumably  very  distant  which  seems  to  be  trreconciU 
able  with  it.  If  Euclid  be  wrong  the  stars  alone  can  prove  him 
to  be  so  and  I  think  that  onr  present  knowledge  of  the  stars  has 
progressed  far  enough  to  throwconsiderable  light  on  the  subject.. 
I  should  therefore  be  glad  to  hear  from  some  non- Euclidean  what 
are  the  observed  facts  of  astronomy  which  are  relied  on  as  incon- 
sistent with  Euclidean  geometry — a  kiod  of  geometry  whose 
validity  as  regards  terrestrial  measurements  seems  to  be  estab- 
lished by  ample  experience. 

Let  me  add  however  that  in  my  opinion  Euclid's  geometry  is 
not  a  mere  logical  deduction  from  his  assumptions.  He  appealsi 
at  every  step  to  our  knowledge  of  space  but  this  knowledge  is  so 
,  simple  and  universal  that  the  reader  is  apt  to  overlook  the  fact 
that  Euclid  is  always  dealing  with  realities  and  not  with  mere 
argument.  If  you  cannot  draw  the  figure  or  draw  it  Wrongly 
vou  cannot  follow  him.  If  when  you  were  asked  to  bisect  the 
base  of  a  triangle  by  a  right  line  from  the  vertex,  you  drew  the 
line  outside  of  the  triangle  and  made  the  connection  below  the 
base,  the  conclusion  will  probably  not  follow.  This,  it  may  be 
said,  would  not  be  a  right  line.  But  can  you  prove  this  from 
Euclid's  definition  of  a  right  line  ?  If  there  were  such  a  being  as  a 
man  who  had  no  idea  of  space  he  would  find  himself  utterly  una- 
ble to  deduce  any  conclusion  from  Euclid's  definitions  and  axi- 
oms.  Euclid  no  doubt  assumes  that  the  properties  of  space  are 
the  same  everywhere  and  at  all  times;  but  liis  constant  appeal  is, 
"Draw  your  figure.  Test  what  I  say  by  the  space  which  you 
know  and  experience.  You  will  not  see  the  force  of  my  reason- 
ings until  you  do  that." 
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I  hare  treated  Euclid's  axiom  as  an  assumption  that  the  three 
angles  o/  every  plane  triangle  are  equal  to  two  right  angles.  If 
that  fact  could  be  proved  otherwise  the  axiom  might  be  dispensed 
with.  Euclid  puts  it  to  no  other  use.  Various  forms  of  the  ax- 
iom have  been  given  with  the  view  of  making  it  more  acceptable. 
Its  acceptance  I  think  does  not  depend  on  the  terms  but  on  the 
the  realization  of  their  import  by  the  hearer. 
I*et  the  sum  of  the  angles  BAC,  ABD  be  equal  to  two  right  an- 
(^     gles    (180°).    It   is  sus- 

ceptible  of  proof  that  the 

~~  ^  right  lines  AC  and  BD 
"  ~~  .Ji  cannot  meet.  Draw  the 
right  line  AB.  Can  you 
believe  that  however 
-^  both  lines  may  be  pro- 
duced j4£  will  never  meet  BD?  The  difficulty  of  belief  does  not 
arise  from  the  terms  employed  but  from  gazing  at  or  contem- 
plating the  figure. 


SPECTROSCOPIC  NOTES. 

Tbe  entire  path  of  totalitj  of  tbe  eclipse  of  Ma7  28  hai  been  favored  with  a 
perfect  sky.  European  obtervers  in  Portngal.  Spain,  and  Algiers  report  clear 
weather.  In  thta  conntrj  all  along  the  central  line  weather  condition*  were  mag- 
nificent ;  the  KOod  fortnne  of  which  is  accentuated  by  tbe  fact  of  partial  cloudi- 
ness as  near  to  the  path  ai  New  Vork. 

Theinitrnmental  cquipoient,  which  was  elaborate,  was  installed  chiefly  at 
stations  in  North  Catolina,  Georgia  and  Alabama.  Wadeaboro,  N.  C,  Pinchurst,  . 
N.  C,  Thonaston,  Gb.,  Barnesville,  Ga.,  Greenville,  Ala.,  ond  Fort  Deposit,  Ala., 
might  perhaps  be  mentioned  as  TaTorite  points.    OfthecongreKatiotisof  vif  iting 
■ight-seers  that  at  Norfolk,  Va.,  was  undtubCedly  the  m  )rt  prornineat. 

The  amount  of  apparatus  was  larKe.  and  its  variety  considcrahle.  including 
instruments  adapted  \o  nlmust  every  possible  line  of  research,  viauni,  photo- 
graphic. sprctroscopTc,  tiolomctric.  Of  the  spectroscopic  results  a  few  only  have 
been  reported  tlirouKh  the  medium  of  the  dally  press;  the  Kicat  mass  bring 
largely  spcctroj-raphic,  must  await  devi  lopnient  of  plates  and  subsiquent  publi- 
cation in  the  Ecientificjuuraala. 

M.  Paulsen  (Comptea  Rendus.  March  5;  Nature.  April  26)  durinn  brilliant 
auroral  displays  in  Iceland  from  Dec.  31  to  Jan.  25  has  succeeded  in  pholcgreph- 
ing  a  number  of  new  bright  lines  in  ihe  violet  and  ultra-violet  of  tbe  spectrum 
of  the  aurora. 


The  statement  has  been  in  Keneral  circulation  that  spectroscopic  evidence  of 
the  rotation  of  Venus  bar  at  l«st  been  secured.  Tbe  accuracy  of  measurement  of 
rotation  in  tbe  line  of  sigbt  has  for  some  time  been  adequate  to  tbe  detection  of 
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tbc  rotation  of  Vcnas  if  tbe  period  is  rs  abort  as  a  day;  in  fact  tfae  persiateiit 
failure  to  find  evideace  of  rotation  baa  perfaapa  come  to  be  regarded  aa  evidence 
on  tbe  aide  of  tfaoae  wfao  contend  for  a  period  of  225  daja.  If  tbe  planet  rotatea 
in  a  da;  tbe  yelocitv  would  be  about  a  third  of  a  mile  per  second.  The  effective 
Telocity  at  time  of  anperior  conjunction  wonid  be  two-thirdaof  a  mile  per  aecocd, 
or,  aa  near  conjunction  aa  obaervationa  conid  be  taken,  perhapa  half  a  mile  per 
aecond ;  a  quantit;  at  present  meaanrable.  For  the  present  tbe  announcement  of 
Belopolakj'a  reaulta  goea  no  further  than  the  bare  atatement  that  the  period  of 
the  planet'a  rotation  ia  found  to  be  abort. 


In  i43tronoai)acAe  Nmcbriebtta  No.  3633  Mr.  Epain  pnbliabea  a  further  liberal 
liat  of  Btara  with  remarkable  apectra.  Tbe  atara  are  with  one  exception  fainter 
than  tbe  aeventh  mef^itnde,  and  moat  of  them  ate  mote  or  leas  atriking  exam- 
ple* of  type  III.  A  large  majority  of  the  atars  of  the  preaent  liat  are  attnated  in 
the  Milky  Way  near  CTSnna. 


At  tfae  meeting  of  the  Royal  Astronomical  Society.  March  9,  Mr.  Shackteton 
{Montblr  Notice;  tAaitib;  OAaeri-atorr.  April)  read  a  paper  describing  his  ap- 
paratna  for  examining  'tbe  diatribntion  of  matter  in  the  atia'a  corona.  A  photo* 
graph  waa  exhibited,  taken  near  tfae  middle  of  totality  in  the  eclipse  of  1896, 
■bowing  the  continuous  apcctrum  to  a  distance  of  15'  from  tfae  moon's  limb, 
while  tbe  corootnm  line  at  H  5303  reached  a  height  of  only  6'.  Mr.  Shackleton 
described  a  combination  of  color  screens  admitting  a  narrow  band  of  green 
light  in  tbe  neghborhood  of  A  6303  and  anppresaing  the  reat  of  tbe  apectrum.  If 
coroninm  ia  confined  to  tbe  inner  corona,  photographs  taken  through  anch  a 
screen  cbiefiy  by  the  coroninm  radiation  ahonid  be  lesa  extended  and  leaa  irregular 
inform  than  ordinary  pbotograpba in  which  tbeentire  continnonsapectrnmof 
the  outer  corona  is  active. 


Prof.  PilzGerald  contributes  to  f-'ature  of  May  3  a  short  note  in  aupport  of 
tbe  idea  that  tbe  sun's  corona  ia  of  tfae  nature  of  a  solar  aurora.  He'cites,  to 
explain  the  absence  of  a  dark  line  ofcoroninm  in  the  ana'a  spectrum,  recent  experi- 
menta  by  Herr  Cantor  which  seema  to  show  that  wben  tbe  radiation  of  a  gaa  ta 
due  to  electric  diacharge  there  is  no  cnrreaponding  absorption. 


Mr.  Newell  contributes  to  the  Montbly  Notices  of  tbe  Royal  Aatronoaiieal 
Society  for  March  some  results  of  his  study  of  the  spectroscopic  binary  Capella. 
His  former  period  of  104  days  is  confirmed.  Tfae  observations  sfaow  that  tfae  two 
componentsofdifTereot  types  of  spectrum  ere  nearly  equal  in  mass,  and  are  not 
very  different  in  brightness.  The  radius  of  the  relative  orbit  if  it  is  seen  edgewise 
ia  about  52,000,000  miles,  or  ifaeen  inclined  at  an  angle  of  60°  to  tbe  line  of  vis- 
ion 104.000,000.  Aasuning  as  accurate  Eikin's  rather  uncertain  value  of  0".08 
fortbeparallax,  the  actual  brightness  is  about  SCO  times  that  of  the  Sun;  for  the 
orbit  aaanmcd  to  be  seen  edgewise  tfae  aognlar  separation  ia  0".04  and  tbe  mass 
1.7  that  of  tbe  Snu  ;  for  the  orbit  asanraed  to  be  eeen  under  an  angle  of  60°  the 
angular  aeparation  ia  0".08  and  the  mass  H  that  of  tbe  Sun. 
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PLANBT  NOTBS  FOR  JUNE  AND  JULY. 

H.  C.  WILSON. 

Mtrcnrj  iacTcning  star  with  Venal  ftnd  will  be  visible  to  the  ottked  eje  at 
leaat  during  the  first  week  in  Julj.  On  June  22  in  tbe  momiag  Mercury  will  be 
in  conjanction  with  Venus,  Mercnrj  bring  then  2°19'  north  of  Veaus.    Mercnry 


Tbb  Cokstbllations  at  9  p.  M.,  July  1, 1900. 

and  tbe  new  moon  will  be  near  each  other  on  tbe  night  of  June  28,  and  agun 
on  Tal;26.  On  tbe  morning  ofjaly  4  Mercury  will  be  at  greatest  eloogation 
east  from  the  Son,  26°  1'.  Toward  the  end  of  the  month  Mercnrj  will  ap- 
proach the  Snn.  coming  to  inferior  conjunction  on  the  morning  of  Angnit  1. 
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Vemia  will  be  visible  am  eTeninfr  star  only  a  few  days  more,  aince  ahe  will  be  at 
inferior  conjnactionoa  the  momtng  of  July  8,  A  few  days  after  that  one  may 
look  for  the  planet  in  the  nortb-east  in  the  morning. 

Mara  croBses  tbe  meridian  between  niite  and  half  post  nine  and  can  only  be 
studied  now  in  the  morning  twilight^^  Heissoneariy  keeping  pace  with  tbe 
earth  in  bis  orbit  aronnd  the  Snh  that  tlie  relatiTC  positions  change  slowly. 

Jupiter  is  at  bis  best  for  this  year,  visible  toward  tbe  sontb  in  Scorpio  in  tbe 
early  CTening.  He  will  be  stationary  in  right  ascension  July  28  and  after  that 
move  eastward  among  the  stars. 

Saturn  will  be  at  opposition  June  23  in  the  constellation  Sagittarius.  You 
•ee  tbis  planet  every  evening  now,  toward  the  southeast  after  nine  o'clock,  a 
golden  star  with  ateadj  light.  It  is  a  pity  that,  now  that  th:  rings  are  turned  as 
open  to  us  as  the;  ever  arc,  the  altitude  of  the  planet  shoald  be  so  low  that  ob- 
•ervations  are  always  unsatisfactory.  Our  loss,  however,  is  gain  to  those  in  tbe 
southern  hemtspbere  and  they  ought  to  have  their  turn  at  this  splendid  planet. 

Uraocis  is  in  Scorpio  and  about  7°  east  and  2"  south  of  Jupiter  and  may  be 
MCD  at  tbe  same  hours. 

Heptane  is  behind  the  sun. 


Phenomaua  of  Jupiter's  SntcllitMk 

Central  Btandard  Tlin*. 
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Pbaaea  of  the  Edipaea  of  the  Smttllitea  tor  an  larertiag  Tekatope. 
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Affakbnt  Orbits  of  thk  Sbtbk  Inksb  Satellites  op  Satdbn,  at  OppotmaH 

IM  1900,  AS  SBBN  m  AN  Invbrtino  Tblbscopb. 

I.    MIMAS.  II.    BNCBLADCS.  III.    TETHYS. 

Period  o*  22.6*  Period  1<  08.8^  Period  1"  21.3" 
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DIONE,  Con't. 

RHEA,  Con't. 
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VARIABLE  STARS. 


J.  A.  PARKHURBT. 


Maxima  and  Minima  ot  Long  Period  VarlableM. 

1900  AaguBt  and  September. 
MAXIMA.  MAXIMA,  Con't.  MINIMA. 
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KOTES  TO  LONO  PERIOD  EPHEMBRIS.-The  star  "-Aarigae"  is  Cera*. 
ki'i  variable  at  5"  20"  9",  +36°  49',  (1900.)  For  chart  see  tbii  magazine,  Vol. 
VII,  page  43. 

The  star  "— Aqnilae"  is  Anderson'B  variable  at  20*  8"  3',  +13°  41'. 7,  (1900.) 
See  tbia  magazine,  Vol.  VI,  page  532  and  VII,  2S5. 

The  star  "W  Peraei"  is  V  Peraei  in  Chandler'*  Third  Catalogne. 


Mlnlmft  at  the  Variable  Stars  of  the  AIkoI  Type. 

(OItcb  to  the  niBRit  honr  Id  Gmowlch  Time.) 
1900. 

ALGOL.  /I  LIBRAE.  U  CEPHEI.  +  45''3062. 


3       23      Jnljr 


8        July 


Jilj 


D  CORONAE. 


Aag,       10       16 


2P  =  2*  23».9. 
Bvta  tnlD. 


Jum  so  17 
July  SO  16 
Aug.       29        15 

Z   HERCULIS. 

2P  =  S*  23.8". 


W.  DELPHINL 


D  OPHIUCHI. 
P  =  O'  20».l. 

Jane       30         6 
jaly        31  7 

Aog.        31         8 


July  3        13 

Aug.  4  11 
5S  CYGNI—kftn  a  normal  period  which  had  lasted  33  days  SS  Cygni  began 
riting  about  1900  April  26.0,  passed  9.36  magnitude  Apr.  26.7,  passed  maiimnm 
Apr.  27,  and  reached  normal  light  again  May  6.0.  The  maximum  was  as  short 
as  any  on  record,  11  days;  the  average  of  8  short  maxima  being  12.2  days.  As 
tbe  order  ol  maxima  has  been  reversed,  those  of  January  and  March  1900, 
both  bdnfc  long,  it  is  a  qnestion  of  much  interest  what  coniw  the  star  will  now 
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follow.    The  past  maximam  was  coTcred  br  12  obaerrattons  bj  Mr.  Zacchena 
Daniel  and  3  by  the  writer. 

AN  DNUSUALLY  PAINT  VARIABLE  has  been  diacorered  by  Prof.  ScbwaM- 
mana  and  annoaaced  in  No.  3636  of  the  Nacbrkbtea.  The  tollowing  maguitadea 
were  determined  from  photographs — 

1892  April  17  not  brighUr  than  14. 

1893  April  14  about  10.2. 

1891  March  29  not  brii(bter  than  14. 
1896  April  16  about  11.2. 
1900  April  2  not  brighter  than  14. 
'  The  place  of  the  new  variable  i»— 

R.A.  13»  2"'  Sg-.S,  Dec.  —12'  37'  60",  (1900.) 


COMET  AND  ASTEROID  NOTES. 
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Ephemerta  of  Eroa. 

from  Blementa  bj  Henrr  Nonii  RuHcll;  from  Astr.  Journal 


July 


4S     46-6 
49     10.0 
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3     »«    34 
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0.34317 
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0.16593 

o-»593» 

12.S 

DenTer,  0 

the  night  of 

The  uteroid  was  picked  up  by  Proftasor  Howe,  of  Denvc 
May  27,  the  positioa  being 

May  27.9129       R.  A.  23"    48"    3'.9       Decl.  +  2°    46'    33". 

From  this  it  maj  be  seen  that  the  planet  it  abont  1™  In  advanL-e  of  its  pte> 
dieted  place  in  right  ascension  and  very  cloae  in  declination. 
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The  next  number  of  tbia  publication,  which  will  be  (or  the  months  of  Angnst 
and  September  will  be  mailed  aboat  the  20tb  of  Aajfust. 


We  have  received  so  many  artictea  about  the  total  solar  eclipse  of  May  28, 
1900,  that  we  could  not  pnblish  all   this  time.    Considerable  more  will   appear 


The  Spectmm  of  the  "Flash."— We  have  had  strong  hope  that  some  of 
the  many  parties  who  observed  the  totalsolar  eclipse  of  May  26  last,  in  America, 
wonld  obtain  photographs  of  the  spectmm  of  the  "flash"  so^alled.  We  know 
this  work  was  planned  for  by  some  parties,  bat  Dp  to  this  writing,  we  have  not 
heard  that  any  one  succeeded.  Along  the  entire  path  of  totality  in  the  United 
States,  the  oppertunity  for  all  kinds  of  observation  was  excllent.  It  is  not  yet 
known  why  everyone  was  unsuccessful.  For  next  number  we  hope  to  have 
the  resalts  of  all  important  eclipse  work  done  at  home  or  abroad. 


Obacrvatlonaof  Eroa— A  letter  received  from  theArequtpa  Station  of  this 
Observatory  gives  details  concerning  four  photographs  of  Bros  taken  therein 
April  with  the  Bruce  Telescope  by  Dr.  Delisle  Stenart. 

An  adjacent  star  was  followed  in  an  eyepiece,  and  by  means  of  a  micrometer 
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■crew  the  photographic  plate  was  moved  -nitb  regard  to  it  bj  an  amoiiDt  and  in 
a  direction  equal  to  tbe  motion  of  Broi.  The  Atari  thus  appeared  as  trail*  and 
Eros  as  a  point.  Approximate  positions  were  determined  from  the  plates  at 
Arequipa  with  tbe  results  given  below.  Paper  print  of  two  of  these  platis  were 
sent  to  Cambridge  and  measures  of  them  are  also  given.  Tbe  negatives  are  now 
on  their  waj  to  Cambridge  and  as  soon  as  received,  accurate  position  will  be 
derived  from  them. 


A  4333 

April  26 

21    20 

22    49 

9^ 

—  S    46  0 

49 

23 

-5    46.4 

A  4334 

2Z    06 

49 

V.7 

—  5    46  8 

A  4338 

April  27 

21    47 

61 

—  5    29.6 

A  4341 

■•     30 

21    16 

57 

7 

—  4    42.1 

"      ■•  "  57      1        —4    42.3 

These  appear  to  be  the  first  observations  of  Bros  since  its  conjunction  iritb 
the  Sun.    Tbe  second  observations  taken  a  month  later  are  given  in  the  ac- 
companying bulletin.    Efforts  have  been  made  here  to  observe  Bros  both  vjsaallj 
and  photographica);,  but  have  failed  owing  to  twilight. 
Hakvard  College  Obsertatosv,  Cambridge,  Mass., 
June  1.1900. 


Obaervations  of  the  Ec1ip«e  of  May  38, 1900.- The  following  obser- 
vations of  contacts  were  made  at  the  Chamberlin  Observatory,  Universitj  Park, 
Colo.,  under  favorable  atmospberic  conditions.  The  position  of  the  Observatory 
is  given  in  the  American  Bphemeris,  under  the  name  Denver. 


FIRST  CONTACT. 

Greenwich  M.  T. 
)"■       44"        22V6 
)         41         25  .5 

Instrument. 
Twenty-incb 
Six  inch 

Observer. 
Herbert  A.  Howe. 
Cbas.J.Ling. 

LAST  CONTACT. 

V'        39- 
2          39 

3V,9 
32.9 

Twenty-inch 

Sixiacb 

Five-inch 

Herbert  A.  Howe. 
Chas.  J.  Ling. 
Julian  0.  Howe. 

The  times  predicted  from  the  data  in  the  American  Ephemeris  were  respect- 
ively O'  44-"  25M  and  2»  39°>  38*.0.  hbrbbbt  a  howb. 
University  Park,  Colo. 

The  ;  UrBida  —On  the  night  of  tbe  27th  of  April  I  saw  a  meteor  appear  be- 
tween C  and  tj  Uriac  Majoria.  On  tbe  2Sth,  I  was  looking  at  tbe  same  place  as 
tbe  night  before,  and  I  saw  a  meteor  of  (be  first  mngoitnde.  It  came  Irom  the 
same  place  as  the  one  tbe  night  before.  After  a  little  I  saw  another  faint  one, 
and  then  another;  they  all  shot  from  tbe  same  place.  I  then  made  a  rough  map, 
and  watched  for  more.  I  saw  after  this  four  more,  besides  two  Serpentids,  and 
one  Lyrid.  1  was  on  the  27th,  it  was  red.  On  tbe  28th,  2  was  bright,  me- 
dium-speeded, white  meteor,  which  shot  into  tbe  clouds  below;  3  was  of  fifth 
magnitude,  slow,  faint  and  shot  parallel  to  C  and  17  Ursac  Majoris;  4  was  of  the 
5th  magnitude,  green;  5  was  a  Lyrid,  of  second  magnitude,  red;  6  was  short,  of 
ft  blue  color,  fourth  magnitude;  7  was  a  white  meteor,  of  third  magnitude;  8 
was  in  Leo,  white,  of  second  magnitude;   9  was  near  Leo,  off  map,  third 
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wbite,  and  came  from  Serpens;  10  was  a  bright  meteor.  It  startrd  from  Ser- 
pens, went  under  CorvD"  and  disappeared  below  it.  It  was  low  in  the  south  and 
had  a  curved  track,  left  no  trail,  was  of  a  pure  white  color  and  of  0  magnitude. 
It  rivalled  Venus  in  whiteness  and  brightness.    The  radiant  is  between  C  and  tf 


Mbtbobs  prom  Drsa  Ma|ob. 
Radiant  between  C  aod  17,  April  27  and  28, 1900. 


TIM 

Color. 

Mapi, 

C.«.. 

No. 

D>»  and  RdKurks. 

9.00 

Red 

2d 

t.  U  M. 

1 

April  27  exactly  at  9.00 

8.27 

White 

lat 

C.  U.  M. 

2 

■•     28  quite  bright. 

Stta 

3 

"    28leint,  alow. 

8.3S 

Green 

fith 

C.  U.  M. 

4 

"    -^8    •• 

8.42 

Red 

2d 

Lyrid 

R 

"     28  came  from  Ljra. 

8.48 

4th 

6 

"      28  a  bine  meteor. 

9.03 

White 

3d 

C.  U.  M. 

7 

"      28 

9.06 

White 

2d 

C.  U.  M. 

B 

"      28  In  Uo. 

9.07 

White 

3d 

Serpent!  d 

9 

"      28  near  Leo. 

9.10 

White 

0 

Serpentid 

10 

"     28  beanlifnl  bright  meteor. 

C.  U.  M.  ^  Zeta  Urss  Majoris. 


A  letter  has  been  receiTcd  at  the  HarTard  College  Observatory  from  Proles- 
•or  H.  A.  Howe  at  Denver  stating  that  Eros  was  observed  with  the  20-iocb  le- 
fractor  of  the  Chamberlio  Observatory  with  the  following  results: 
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After  taking   parallax  and  aberration  into  account,  a  comparison  of  these 
obserTatioDS  with   the  ephemerig  of  J.  B.  Westbaver  to  A,  J.  No.  479  gaTc  the 
followJDg  corrections  to  that  ephemeria: 
Gr  M.  T. 

^7,V.iVsll   tii   ti'iB..».„dM.„.,3. 

So  far  as  Laown  this  is  the  firat  visaal  obaerTation  of  Bros  aince  its  conjnac- 
tion  with  the  Son. 

Uabvabd  Collbgb  Obsbbvatoby,  Camhndge,  Maaa., 
Inne  1,1900. 


The  Lyrld  Shower.— The  oiKbts  of  the  17tb,  18th,  19th  were  cloady.  bat 
the  20th  waa  clear.  Tbe  Moon  waa  one  day  before  last  quarter.  The  radiant 
point  waa  not  very  well  defined  but  moat  of  the  meteors  came  from  Vega,  or 
between  the  region  oF  a,  «,C  ujrae.  Five  of  the  mcteora  were  oataide  of  this  tri- 
angle, n  ambers  13,21,3,  19  and  11.  Tbe;  were  claased  as  Lyrids,  because  they 
were  all  very  swift,  excepting  Ko.  3.  At  12:30  my  obsnratioas  began,  but  one 
meteor  waa  seen  of  third  magnitude,  mediam  speed,  moTing  from  Vega  at  12:20. 
No.  2  was  a  abort,  awift  and  remarkably  bright  meteor,  leaving  a  trait;  3  was 
an  nnusnal  meteor,  it  started  slow  and  seemed  to  hare  several  colore,  it  left  a 
trail  ot  red,  white  and  blue  colors.    Another  pecniiarity  of  it  was  a  very  curved 
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Tbb  Ltrid  Mbteoeb,  Apbil,  20,  1900. 
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path;  4,  6  and  6  were  minor  meteors;  7  was  blue,  of  the  fourth  magnitude,  and 
quite  swift,  BhowiuK  ^^^  characteriatlc  of  the  Ljrid  showei;  8,  a  repetition  of 
No.  7;  9  was  a  moat  surprising  meteor.  It  was  bo  short,  so  btight  and  eo  swift, 
the  eje  couldn't  quite  make  ont  whether  it  curved  or  not.  It  could  not  have 
lasted  one-fifth  of  a  second;  10  and  11  were  faint;  l!2  was  rather  slow  and  veiy 
faint,  of  the  sixth  megnitade;  13  was  a  most  beautiful  sight.  It  started  a  little 
northeast  of  Lyra,  and  shot  across  the  sky,  disappearing  in  Vir^o, passing  Aic- 
turus  and  Corona,  It  was  of  a  red  color,  slow,  lilt  n  persistent  trail,  lasting 
two  seconds.  After  this  the  following  meteors  were  so  suitt  the  eye  just  caught 
them.  The  shower  was,  1  thiak,  at  its  maximum  on  the  19th  hut,  although  the 
meteiirs  on  the  20th  were  few,  yet  t'  ey  were  swift,  bright,  inleresling.  They 
diminished  in  number  as  4;00  o'ctuck  approached,  so  I  think  the  maximum  most 
have  been  before  the  20th.  The  shower  might  be  called  good,  on  ai'count  of  the 
many  iuterestiog  points  about  individut  ~ 


No 

Cotor. 

M.cn. 

Tlmt. 

Class. 

NOIM. 

Tr.M». 

1 

w. 

3 

13.20 

L 

Mostly  off  map. 
Very  bright,  trail 

2 

w. 

0.5 

12.43 

L 

4th  magri.  W. 

S 

R.  (W.B) 

t>5 

l.Ol 

L 

of  several  colors. 

Loog  R.  2d  mag. 

4 

W. 

3 

1.10 

L 

Short  one. 

5 

W. 

25 

1.28 

L 

Off  map 

6 

W. 

1.30 

L 

7 

B. 

4 

1  as 

L 

Swift. 

8 

B. 

4 

138 

L 

9 

W. 

0 

143 

L 

Very  swift »  bri't. 

Bright. 

10 

B. 

5 

1.50 

U 

11 

B, 

4 

2.01 

L 

12 

6 

2  07 

L 

Very  Jaint. 

Across  sky. 

13 

iTw. 

1 

2.1(> 

I, 

BeautifnI. 

3d  magn.  B. 

14 

R. 

2 

2  35 

L 

Swift. 

15 

R. 

2 

244 

L 

Very  swift  indeed. 

16 

K, 

2 

2.48 

17 

R. 

4 

2  55 

L 

18 

W. 

1 

2  56 

L 

A  flash  of  white. 

19 

W.  (B.) 

0.5 

3.13 

L 

Medium  speed. 

Bed. 

■20 

R. 

15 

3.1G 

L 

Swilt. 

3d  magn. 

21 

W. 

3 

3.20 

M 

Short  curved. 

22 

R. 

2 

3+5 

L 

Swift. 

Me<iium""  sjiTt-d 

Apr.  5 

B. 

2.5 

7  57 

L 

curved  quite    a 

little. 

1.5,  0.6,  2  5  mean,  a  tittle  less  than  first  magnitude,  lero  magnitude  and  sec- 
ond magnitude.  Avetape  one  every  nine  minutes.  Average  magnitnde  2  5  or  a 
little  less  thnn  second  magnitndr.  BOBBST  u.  dole, 

fll  Glen  Road.  Jam.  Plain.  Mass. 
April  21,  ISOO. 

The  Total  Eclipse  of  the  Sun  at  New  Orleiuia.— The  total  echpse  was 
observed  here  in  a  remarkably  clear  area  of  a  partly  cloudy  (ky.  The  duration 
being  scarcely  more  than  a  minute,  the  darkness  was  only  that  of  early  twilight. 
Abont  ten  seconds  before  totality  the  inner  corona  became  visible. 

The  oater  corona  bad  two  extensions  one  on  the  east  tapering  and  not 
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sharply  outlined  oa  tfae  edKCs,  the  other  lomenhat  longer,  being  ebont  a  degree 
at  its  outer  edge  from  the  Moon's  limb.  It  wai  more  cona[Hcuoua,  was  sharplj 
oatlioed,  and  widened  as  it  extended.  Its  upper  edge  pointed  almost  directly  to- 
wards the  planet  Mercury.  It  left  an  impression  ot  a  more  streaky  structure 
than  the  eastern  wing. 


CoBOHA.  OF  Total  Solar  Eclipse,  Mav  28, 1900. 
Seen  at  New  Orleans,  X.a.,  Drawn  by  Miss  Rose  O'Halloran. 
Tbe  sonth  polar  rays  were  conspicuous  pointed  and  cDrviag. 
The  inner  corona  was  shallow. 

The  tint  of  the  entire  appendage  was  that  of  feathering  clouds  after  sunset. 
Mar  28, 1900.  bose  o 'HALLOS ak. 

Oppoaltlon  of  Eroa  In  ISOO.— Tbe  opposition  of  Eros  during  next 
autumn  will  afford  opportunities  for  observations  of  especial  interest.  Tbe  near 
approach  of  tbe  planet  to  tbe  Earth  will  permit  the  solar  parallax  to  be  deter- 
mined, while  the  great  variations  in  phase  and  distance  will  give  unusual  value 
to  photonetric  observations  obtained  at  this  lime.  Tfae  ephcnicris  of  Dr.  Millo- 
sevicb,  published  in  the  Berlin  Jahrbuch  for  1902,  provides  the  means  for  dis- 
cussing the  measures  of  p  isirion  of  Eros.  The  annexed  table,  which  is  based  on 
this  ephemeris,  furnishes  a  part  of  the  material  rrquired  for  the  investigations 
mentioned  above.  The  date  is  given  in  tbe  first  column.  Tbe  right  asccnsioD 
and  declination  for  186S,  for  Berlin  midnight,  are  given  in  the  second  and  third 
columns.  This  epoch  is  selected  for  convenience  in  identifying  Eros  by  comparison 
with  the  stars  in  tbe  Durchmusterung.  Tbe  daily  motion  in  right  ascension,  ex- 
pressed in  seconds  of  time,  and  in  minutes  nf  arc  when  reduced  to  the  equator, 
are  given  in  tbe  fourth  and  fifth  colamns.  The  daily  motion  in  declination,  and 
tbe  total  motion  expressed  in  minutes  of  arc,  ere  given  in  the  sixth  and  seventh 
columns.  These  quantities  are  iniportHnt  in  planning  observations  for  parallax, 
especially  those  made  photoKrapbically.  The  Ingaritbm  of  the  distance  from  tbe 
Sun  has  been  kindly  furnished  by  Dr.  Millosevich  and  is  given  in  tbe  eighth  col- 
umn. The  logarithm  of  the  distance  from  the  Earth  is  given  in  the  ninth  col- 
umn. Prom  this  it  appears  that  its  distance  when  nearest  the  Earth  is  less  then 
a  third  of  that  of  the  Sun  from  the  Earth.    This  minimum  occurs  on  December 
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26,  near);  two  montha  after  opposition,  which  takes  piuM  on  October  30.  The 
phase  angle  between  the  Sun  and  Earth,  as  seen  from  Bros,  is  given  In  the  tenth 
column.  There  are  few  asteroidH  for  which  this  angle  mnch  exceeds  30°.  In  the 
table.  begiDDing  with  the  value  37''. £i  it  gradually  diminishes  to  28° .3  at  abottt 
the  time  of  opposition,  and  then  gradually  increases,  nntil  on  Jannar;  81,  it  at^ 
tains  the  extraordinary  value  of  56°.!,  becoming  even  greater  later.  The  photo^ 
metric  tuagnitude,  neglecting  the  phase  and  assuminic  that  the  light  is  inversely 
proportional  to  the  squares  of  the  distances  of  the  Earth  and  the  San,  is  given 
in  the  eleventh  column.  It  is  based  on  the  measures  described  in  H.  C.  O.  Circu- 
lar No.  34.  from  which  it  appears  that  the  magnitude  would  be  11.39  at  a  dis' 
tance  of  nnity  from  the  Sun  and  Earth,  and  that  the  photographic  magnitude  is' 
0.6  fainter  than  the  photometric.  It  will  be  noticed  that  these  last  values  are 
nearly  0.8  fdinter  than  those  given  by  Dr.  Millosevich,  who  based  his  magnitudes 
on  visual  observations.  As  the  magnitude  9.5  in  the  Durehmusterung  is  about 
10.5  on  the  photometric  scale,  this  difference  is  readily  explained.  The  difference 
becomes  still  greater  if  we  apply  a  correction  for  phase.  This  correction,  in  the 
case  of  the  asteroids,  is  about  0.03p,  in  which  p  is  the  phase  angle.  If  we  as- 
sume that  this  law  can  be  applied  to  Eros  for  angles  as  great  as  5b°  we  obtain 
the  corrected  magnitudes  given  in  the  twelfth  column.  The  phase  angle  in  the 
observations  described  in  Circular  No.  34  is  21°.2.  The  magnitude  at  distance 
unity,  therefore,  becomes  11.39  —  0.64  =  10.75.  The  approximate  mean  time 
of  meridian  transit  is  given  in  the  thirteenth  column,  and  the  aberration  time  in 
the  fourteenth. 

EPHBUBBIS  OF  EROS. 
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As  an  example  of  the  me  of  this  Cable  let  us  consider  the  most  favornble  con- 
ditions for  determining  Che  solar  parallax.  It  soon  appears  that  this  problem  ia 
by  no  means  a  simple  one.  IF  we  select  ihc  end  of  December,  when  Eros  is  nearest 
the  Earth,  we  Bnd  thnt  meriiliiin  tiansit  occurs  so  early  in  the  evening  that  Eroa 
cannot  be  photographed  (ar  east  of  the  meridian.  Moreover,  the  motion  both  ia. 
right  ascension  and  declination  is  so  great  that  if  the  Celcsciipe  is  made  to  follow 
the  stars,  Bros  wilt  trail  so  rnpidlv  over  the  plate  that  it  may  not  leave  any  im- 
pression on  It.  If  the  total  diurnal  motion  is  24',  the  motion  will  be  l"a  minute. 
If,  then,  the  diameter  of  the  image  is  2",  Erus  <  annot  be  photographed,  unless  an 
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exposure  of  two  miautcB  ia  Bofficient.  Id  such  a  caae  it  maj  be  accessary  to  make 
the  telescope  follow  od  Eros  and  not  oo  a  star.  All  tbe  stars  will  then  appear  aa 
short  trails  wfaiob  are  eusilj  bisected.  If  the  motioo  of  Eros  is  large,  ita  poaltion 
with  relation  to  tbe  cotnpanson  stars  will  differ  greatly  when  east  aod  when 
west  of  the  meridian.  Moreover,  it  will  be  necessary  to  measure  the  total  motion 
and  after  subtracting  the  large  motion  of  Eros  determlae  tbe  small  remaioiog 
parallax.  During  tbe  latter  part  of  January  Bros  culminates  at  nearly  the  same 
time  on  successive  nijibts  and  will  thus  be  favorably  situated  for  observations 
-west  of  tbe  meridian  lor  several  weeks.  The  patb  of  Eros  has  a  loop  extending 
over  aboat  13°  in  right  aBcension  and  20Mn  declination,  and  with  a  center  at 
about  K.  A.  2''  5",  Dec.  +51°.  The  point  of  crossing  is  at  R.  A.  S""  al"".©, 
Dec.+3-l''25'  (1855).  Itis.  therelore,  not  far  from  tbe  stars +34°447.magn.  9.3, 
and  +3+''448,  masn.  8.0.  Eros  will  pass  through  the  point  of  crossii^g  on  Sep- 
tember 3,  1900,  and  again  on  January  8,  1901.  Photometric  observatiom,  if 
made  on  these  dates,  will  have  especial  value,  since  the  same  comparison  stars 
can  be  used  for  both. 

A  photograph  o/  Bros  was  obtained  on  September  S.  1898,  with  the  ll-ineb 
Draper  telescope,  whose  focal  length  is  153  inches.  Stars  ot  the  ninth  megoitude 
are  readily  photographed  with  this  instrmnent  in  5  seconds.  Tbe  exposure  was 
10  minutes,  the  daily  motion  18',  and  the  computed  magnitude  12.1.  Allowing 
for  tbe  difference  in  motion  it  would  be  equally  difficult  to  photograph  Eros  an 
this  date  and  on  September  17,  1900. 
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FEASIBILITY  OP  OBTAINING  THE  SOLAR  PARALLAX  PROM 

SIMULTANEOUS  MICROMETER  OBSERVATIONS 

OP  EROS. 

The  unusual  opportunity  offered  by  the  coming  opposition  of 
Eros  for  the  determination  of  the  solar  parallax  has  been  noticed 
in  several  journals,  but  the  apparent  facility  with  which  simul- 
taneous observations  with  fi!ar  micrometers  at  widely  separated 
stations  could  be  utilized  has  received  little  or  no  attention,  the 
photographic  method  having  been  given  the  preference  to  the  ex- 
clusion of  the  former.  Although  the  parallactic  factor,  by  suit- 
able selection  of  stations  may  be  made  considerably  larger, 
there  are  some  inherent  difficulties  which  do  not  occur  in  the 
method  here  proposed. 

The  high  declination  of  the  planet  makes  it  possible  to  secure 
simultaneous  observations  at  all  the  European  observatories 
west  o(  Pulkowa,  and  all  the  American  observatories  east  of 
Denver,  which  are  provided  with  sufficiently  powerful  telescopes. 
The  following  scheme  in  tabular  form  gives  the  Greenwich 
mean  time  at  which  the  planet  will  be  simultaneously  visible,  and 
at  sufiicient  altitude  to  enable  good  observations  to  be  made. 
At  the  most  favorable  time  with  reference  to  the  parallactic 
factor,  however,  as  well  as  at  the  beginning  and  end  of  the  pro- 
posed series,  daylight  interferes  with  some  of  the  observatories 
situated  at  the  ends  of  the  line,  and  it  has  been  necessary  to  select 
two  instants,  one  of  which  includes  all  except  the  extreme  east- 
ern, the  other  all  except  the  extreme  western. 

The  parallactic  displacement  varies  from  approximately  17",0 
to  30".0  in  the  caseof  Pulkowa-Washington,  to  14",9  to  24".5 
in  the  case  of  Greenwich-Washington.  The  inclusion  of  Denver 
somewhat  increases  these  quantities. 

The  principal  difficulty  in  the  proposed  scheme  is  the  selection 
with  certainty  of  the  same  star  or  stars  by  thedifferent  observers. 

Note. — This  circular  was  prepared  by  S.  J.  Brona,  Astronomical  Director  of 
the  Uaited  States  Naval  Observatory,  and  it  baa  been  sent  to  tfae  Aatronomen  of 
tbe  United  States  who  are  willing  to  cofiperate  in  the  observations  mentioned, 
and  wbo  are  provided  with  suitable  instruments  for  mailing  them.  Director 
Brown,  also  prepared  a  paper  on  the  same  subject  which  was  presented  before 
tbe  International  Astropholographic  Conference  held  in  Paris,  July,  1900.  Ed.] 
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The  plaaet  will  be  situated  in  the  Milky  Way  during  the  great- 
er part  of  the  time  embraced  in  the  series,  which  will  afford  many 
faint  stars,  but  render  thf  ir  proper  selection  at  the  time  of  obaer- 
vatioo  and  ijiture  identification  difficult.  Experience  shows  that 
in  the  region  of  the  Milky  Way,  the  field  of  a  telescope  pointed  at 
random  will  contain  several  stars  from  the  10th  to  12th  magni- 
tude within  a  radius  of  6'  of  arc. 

There  would  seem  to  be  a  priori,  not  much  doubt  that  one  or 
more  stars  as  bright  as  the  11th  magnitude  would  be  found 
within  a  radius  of  3'  of  arc,  from  the  true  position  of  the  placet 
as  a  center.  The  two  or  three  brightest  lying  within  this  dis- 
tance should  be  taken,  limiting  the  choice  if  possible  to  magni- 
tudes fainter  than  the  5th. 

It  will  be  necessary  for  the  identification  of  the  stars  used  that 
a  careful  sketch  map  of  the  field  and  the  region  immediately  sur- 
rounding it,  be  made  at  the  time  of  the  observation,  and  that  a 
photograph  of  the  region  be  taken  at  about  the  same  time.  This 
wonld  not  only  serve  to  identify  the  stars  used,  but,  in  cases 
where  different  observers  should  fai!  to  select  the  same  stars,  it 
would  furnish  an  accurate  means  of  referring  the  observations  to 
a  common  origin. 

The  cooperation  of  two  or  more  pboto^aphic  telescopes  would 
obviate  entirely  the  selection  of  the  same  refisrence  stars  by  the 
different  observers,  as  well  as  the  necessity  of  adhering  closely  to 
the  schedule  time  laid  down  for  the  observations,  as  the  motion 
of  the  planet  could  be  accurately  computed  for  brief  intervals  of 
time  thus  arising,  while  the  relative  places  of  the  stars  used  could 
be  very  accurately  measured  from  the  plates.  At  the  same  time  the 
positions  of  the  stars  could  be  determined  from  the  plate  with 
sufficient  accuracy  to  furnish  the  data  for  computing  the  coeffi- 
cients in  the  equations  of  condition.  The  Naval  Observatory  has 
no  suitable  photographic  telescope  for  this  purpose,  and  with  the 
exception  of  Harvard  College  Observatory  there  is  none  in  this 
country.  Except  for  this  reason  there  would  be  no  gain  in  re- 
sorting to  micrometric  observations.  It  will  therefore  be  essen- 
sial  to  the  complete  success  of  the  proposed  scheme  that  one  or 
more  of  the  European  observatories  should  take  this  portion 
of  the  work. 

On  account  of  the  rapid  motion  of  Eros,  which  makes  observa- 
tions of  position  angle  and  distance  very  troublesome,  and  also 
the  ease  and  accuracy  with  which  differences  in  its  right  ascen- 
sion and  declination  can  be  interpolated,  the  measures  should  be 
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made  in  rectangular  co&rdinates.  referred  to  the  true  equatorial 
position  of  the  fixed  wire  of  the  microQieter.  Also  it  is  important 
to  eliminate  as  far  as  possible  any  lack  of  parallelism  of  the 
micrometer  wires  by  taking  the  measures  of  each  coordinate  in 
two  positions  of  the  micrometer  differing  180°  in  position  angle. 
EROS. 


e  for  SlmnllaaeoiiB  Obaervations. 
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INTERNATIONAL  ASTROPHOTOGRAPHIC  CONFERENCE  OP 
JULY  1»00.- 

In  conformity  with  the  expressed  objects  of  the  conference,  a 
special  committee  was  appointed  to  prepare  a  general  plan  for 
systematic  observations  of  Eros  at  the  coming  opposition,  by 
which  the  widest  co-operation  of  the  observatories  of  the  world 
would  be  secured. 

The  committee,  besides  the  President,  M.  Loewy,  comprised: 
Messrs.  Aodrfi,    Director  of  Lyons  Observatory 

Bakhuyzen, "       "  Leiden  " 
Christie,       "       "  Greenwich    " 

*  Traoalated  for  Popular  Aatroaomy  from  the  Prencfa  bj  S.  J.  Brown  of  the 
Catted  States  Naral  Obserratory,  who  also  prepared  tbe  concln^ng  paragraphs 
embodTing  some  helpful  explanation*.    Ed] 
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Elkin,  Dirctorof  New  Haven  Observatoy. 
Gill,  "       "  Cape 

Hartwig,     "        "  Bamberg        " 
Henry  (Prosper),  Astronomer  of  Paris  Observatory 
Tr^pied,  Director  of  Algiers  Observatory 
Weiss,  "  "  Vienna         " 

The  committee  adopted  the  following  resolutions: 
I.    It  is  desirable  tbat  the  determination  of  the  parallax  of  the 
planet  Eros  should  be  made  by  means  of  micrometric,  photo- 
graphic and  helioraetric  measures: 

(a)  by  means  of  observations  of  the  planet  in  the  east  and  in 
the  west  at  the  same  observatory; 

{b)  by  the  cooperation  of  observatories  of  Europe  and  North 
America. 

(c)  by  the  cooperation  of  observatories  of  the  northern  and 
southern  hemispheres. 

H.    During  the  period  of  the  observation  for  parallax,  the 
motion  of  the  planet  Eros  should  be  determined  as  accurately  as 
possible,  by  means  ol  micrometric,  heliometric  and  photograph- 
ic measures. 
lU.    The  Commission  recommends:— 

(a)  to  those  observers  who  will  determine  the  parallax  in  right 
ascension  by  means  of  observations  of  any  of  the  three  methods 
of  measurement,  either  at  isolated  observatories,  or  by  the  coop- 
eration of  the  observatories  of  Europe  and  America,  to  make  the 
observations  each  morning  and  each  evening,  and  to  take  ad- 
vantage of  all  favorable  atmospheric  conditions  to  extend  the 
observations  to  the  greatest  practicable  hour  angles. 

(b)  to  observers  who  will  determine  the  parallax  by  differences 
of  declination  in  the  northern  and  southern  hemispheres,  to  so 
arrange  the  time  of  observations,  that  the  instant  corresponding 
to  the  mean  of  the  times  will  not  differ  widely  from  the  time  of 
meridian  transit  of  the  planet  at  the  southern  observatory. 

IV.  It  is  necessary  to  take  special  seriesofphotographic plates 
in  the  regions  traversed  by  the  planet  Eros  in  order  to  determine 
the  position  of  the  comparison  stars. 

The  reference  stars  for  the  determination  of  the  constants  of 
the  plates  should  be  determined  by  meridian  observations. 

V.  Mr.  Hartwig  is  charged  to  arrange  a  program  for  the  heli- 
ometric observations  of  the  planet, 

VI.  Mr.  \ndr€  and  Mr,  Prosper  Henry  are  charged  with  the 
investigation  of  the  atmospheric  dispersion.     M,  Loewy  will 
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communicate  the  results  of  these  researches  to  the  members  of 
the  commission  and  to  the  observatories  participating. 

VII.  M.  Loewy,  Mr.  Brown,  Astronomical  Director  of  the 
Observatory  of  Washington,  and  Mr.  Bakhuyzen  are  charged 
with  the  duty  of  securing  the  execution  of  the  different  resolu- 
tions concerning  micrometric  and  photographic  observations. 

The  following  reasons  have  led  the  special  commission  to  pro- 
pose the  above  resolutions  to  the  General  Conference:— 

Resolutions  I,  II,  III,  and  IV. — The  committee  is  of  the  opinion 
that  micrometric  observations  ought  to  be  employed  as  well  for 
parallax  in  right  ascension  as  in  declination,  as  it  seems  practic- 
able to  remove  the  difficulties  involved  in  the  determination  of 
the  parallax  by  micrometer  observations  in  right  ascension. 
These  difficulties  are  of  two  kinds: 

First  —  The  smaU  held  of  v/ew  with  the  high  magnifying 
powers  employed  with  instruments  of  large  size. 

The  Commission  finds  the  solution  of  this  difficulty  in  the  Res- 
olution IV,  prescribing  series  of  photographic  plates  taken  of  the 
region  traversed  by  the  planet.  The  measurements  will  enable 
the  relative  positions  of  the  comparison  stars  to  be  determined 
with  extreme  acuraey.  If,  on  account  of  the  rapid  motion  of  the 
planet,  the  comparison  star  used  in  a  morning  observation  is  not 
found  with  the  planet  in  the  field  of  the  telescope,  another  one 
can  be  selected,  the  position  of  which  relative  to  the  first,  is 
known  from  the  plates. 

Second  —  The  di/Scalty  of  determination  with  exactness  the 
motion  of  the  planet. 

By  means  of  Resolution  II,  the  Committee  hopes  to  obtain  the 
motion  of  the  planet,  determined  from  day  to  day  with  such 
precision  by  means  of  a  large  number  of  observations,  that  the ' 
uncertainty  of  the  daily  motion  of  the  planet  between  two  suc- 
cessive observations  in  the  evening  and  morning  will  have  very 
small  effect  upon  the  resulting  parallax. 

It  is  for  this  reason  that  the  Committee  recommends  in  its  Res- 
olution III  (a)  the  greatest  possible  continuity  in  the  series  of 
observations  both  morning  and  evening. 

Resolution  III  {b)  is  necessary  to  give  the  observers  of  the 
southern  hemisphere  as  great  an  altitude  as  possible  for  their 
observations. 

Finally  the  Committee  has  considered  the  necessity  of  obtain- 
ing absolute  positions  of  the  planet,  in  view  of  the  researches  on 
the  parallax  which  will  be  undertaken  by  the  methods  of  celestial 
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mechanics.  The  series  of  plates  taken  in  conformity  with  Resolu- 
tion IV,  will  naturally  furnish  all  the  comparison  stars  desirable 
for  the  determination  of  the  absolute  positions  of  the  planet. 

Resolutions  I,  IV,  VI. — The  committee  thinks  that  the  photo- 
graphic method  offers  no  insurmountable  diflSculty.  One  of  the 
objections  which  has  been  raised  against  this  method,  rests  upon 
the  uncertainty  resulting  from  the  form  of  the  trail  of  the  star 
or  planets,  according  as  the  former  or  latter  has  during  the  ex- 
posure been  kept  immovable  upon  the  cross  wires.  The  com- 
mittee hopes  that  the  uncertainties  arising  from  this  cause  can  be 
evaluated,  if  they  exist,  by  means  of  experiments,  easily  carried 
out,  which  will  consist  in  making  three  exposures  under  the  fol- 
lowing conditions ; 

(a)  Keeping  the  image  of  the  planet  on  the  cross-wires ; 

(b)  Keeping  the  image  of  a  guiding  star  on  the  cross-wires ; 

(c)  In  giving  to  the  telescope  a  motion  in  a  contrary  direction 
to  that  of  the  planet,  but  of  nearly  double  its  value.  In  com- 
paring plates  (a)  and  (b),  it  can  be  seen  whether  the  mutual 
distances  of  the  stars  remain  the  same  for  all  stellar  magnitudes, 
or  if  it  is  necessary  to  apply  a  correction  dependent  upon  the 
magnitude.  At  least  analagous  comparisons  can  be  made  by 
combining  the  three  plates  {a),  (b),  (c),  in  all  possible  ways. 
Several  observatories  have  promised  concurrence  in  these  experi- 
ments, and  it  is  important  that  they  should  be  sufficiently  large 
in  number  in  order  to  ascertain  the  eflect  of  the  quality  of  the 
objectiye  upon  this  phenomenon. 

Another  difGculty  was  considered,  common  to  nearly  all  the 
methods  of  comparison,  concerning  systematic  errors  which  may 
be  introduced  into  the  relative  measures  of  the  stars  and  the 
planet  arising  from  atmospheric  dispersion. 

After  the  exchange  of  views  of  the  members,  and  after  having 
understood  the  methods  proposed  by  Mr.  Prosper  Henry  for 
evaluating  the  effect  of  influences  of  this  kind,  the  committee  ap- 
pointed Messrs.  AndrS  and  Prosper  Henry  to  carry  out  the  ex- 
periments  for  this  object. 

Such  are  the  grounds  of  the  resolutions  concerning  the  parallax 
of  the  planet  Eros.  It  may  be  asked  if  it  is  not  necessary  to 
draw  up  a  complete  programme  for  the  combination  of  the  ob- 
servations  of  Europe  and  America.  The  committee  has  not 
thought  it  necessary  to  adopt  such  a  program,  for  the  reason 
that  the  daily  motion  of  the  planet  ought  to  be  determined  di- 
rectly, day  by  day,  independent  of  all  theory,  and  it  is  hoped  with 
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great  precision,  and  that  the  absolute  simultaneity  of  measures 
will  not  be  indispensable. 

Thus  each  observatory,  which  decides  to  share  in  this  great 
common  work,  will  find  itself  in  a  position  to  determine  the  part 
which  it  will  undertake.  It  is  simply  asked  of  the  observatories 
to  clearly  inform  the  president  of  the  executive  committee  as 
soon  as  possible  of  their  intentions,  in  order  that  the  general 
plan  of  the  necessary  distribution  of  the  work,  if  there  is  occas- 
ion, may  be  completed. 

The  observatories  which  have  already  promised  their  concar- 
rence  are  as  follows : 

Algiers,  Athens,  Bamberg,  Bordeaux,  Cambridge  (England), 
Cambridge  (U.  S.),  Cape  of  Good  Hope,  Catania,  Cordoba,  Edin* 
burgh,  Yerkes,  Greenwich,  Heidelberg,  Leyden,  Leipzig,  Lyon, 
Marseille,  Minneapolis,  Mount  Hamilton,  Nice,  Paris,  Potsdam, 
Rome  (Collegio  Romano),  San  Fernando,  Strassbnrg,  Tacubaya, 
Toulouse,  Upsala,  Vienna  (Ottakring),  Vienna  (W^hring),  Wash- 
ington. 

In  sending  the  translation  of  the  resolution  for  publication,  it 
may  make  the  situation  clearer  to  give  a  few  words  of  explana- 
nation.  The  paper  submitted  to  the  conference,  proposed  to 
make  in  Europe  and  America  nearly  simultaneous  observations 
of  planet  referred  to  contiguous  stars,  selecting  preferably  those 
of  a  magnitude  not  greatly  different  from  the  planet's,  but  in  all, 
nearness  was  considered  of  more  importance  than  magnitude. 
The  same  stars  would  generally  be  selected  by  limiting  the  dis- 
tance to  ^m  60"  to  120",  and  leaving  the  magnitude  arbitrary 
down  to  the  11th  or  12th.  The  relative  positions  of  the  stars 
used  were  to  be  determined  by  daily  photographs  of  the  region 
traversed  by  the  planet.  In  a  programme  based  on  the  proposal, 
the  motion  of  the  planet  would  be  practically  eliminated,  as  the 
difference  of  time  would  always  be  small,  as  also  the  star  posi- 
tions; if  the  same  stars  should  not  have  been  selected,  the  relative 
positions  on  the  same  plate  could  be  obtained  with  extreme 
accuracy. 

The  modification  proposed  by  the  Conference  is  to  make  1st  at 
all  observatories  in  Europe  and  America  daily  morning  and 
evening  observations  at  hour  angles  as  large  as  practicable, 
using  stars  adjacent  to  planet,  and  without  reference  to  approx- 
imate simultaneity.  In  this  case  there  would  sr.Idom  be  a 
difference  as  large  as  three  or  four  hours  between  evening  obser- 
vations here  and  following  morning  observations  in  Europe. 
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The  motion  of  the  planet  to  be  obtained,  regardless  of  theory, 
from  daily  observations,  morning  and  evening. 

2d,  Observations  in  northern  hemisphere  for  parallax  in  declin- 
ation are  to  be  made  at  approximate  time  of  meridian  transit  in 
a  southern  observatory. 

This  plan  is  applicable  for  all  the  three  kinds  of  measurements, 
photographic,  microtnetric,  and  heliometric. 
Supplementary  Instructions  on  Resolution  3  of  the  Con- 
ference.*— 

In  this  paragraph  by  the  largest  hoar  angle  practicable  is  to 
be  understood  an  hour  angle  large  enough  to  obtain  a  great 
parallactic  displacement  without  bringing  the  altitude  of  the 
star  below  a  certain  limit,  20°  for  example. 

As  explained  in  the  preceding  circular,  the  conference  thonght 
that  the  daily  motion  of  the  planet  could  be  obtained  each  day, 
independently  of  the  parallax  and  of  all  theory.  Nevertheless,  on 
account  of  interruptions  of  the  measures  caused  by  atmospheric 
conditions  affecting  all  the  stations  at  once,  it  might  happen  that 
this  element  could  not  be  deduced  directly  from  the  daily  obser- 
vations. To  avoid  such  a  case,  and  in  order  to  refer  to  the  same 
instant  of  time  the  measures  made  in  America  and  Europe,  it  will 
be  necessary  to  carry  out  in  each  observatory  a  supplementary 
series  beside  the  two  already  indicated,  of  which  the  first  corres- 
ponded nearly  always  ta  an  eastern  hour  angle,  and  the  second 
which  should  always  be  a  western  hour  angle.  The  third  series 
would  be  made  under  the  following  conditions: 

{a)  In  the  observatories  of  Europe  the  supplementary  series 
should  be  made  about  two  hours  before  the  second  series 
(western). 

{&)  In  the  observatories  of  North  America  the  supplementary 
series  should  follow  by  about  two  hours,  the  first  series  of 
measures  (generally  in  the  east]  made  at  the  beginning  of  the 
evening.  By  this  plan  the  means  will  be  provided  of  referring  the 
measures  of  the  observatories  of  America  and  those  of  Europe  to 
the  same  physical  instant  by  an  interpolation  simple  and  sure. 
In  a  great  number  of  cases  it  will  suffice  to  adopt  an  interval  of 
time  less  than  two  hours  between  the  two  successive  series  of 
measures. 

This  plan  is  in  accordance  with  that  proposed  by  Mr.  Brown  of 
Washington  in  a  note  submitted  to  the  conference,  in  order  toas- 

*  Translatioa  or  th«  aecood  circular  of  the  InCernatioDal  Coofereoce,  giving 
■applementarr  instructions  cuncerniof;  obeervationa  of  Bros  which  ouj;ht  lo  be 
begun  at  once,  und  aUo  further  details  of  the  iceneral  plan  of  work. 
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sore  simultaneity  of  observatioas  in  America  and  Europe. 
Work  Which  it  is  Desirable  to  Begin  Immediately. 

1st.  Micrometric  observations  of  the  planet  with  large  equa- 
torials  by  the  ordinary  method  of  comparison.  These  measures 
are  designed  to  furnish  precise  position  of  the  planet  for  the 
theory  of  its  movement.  It  is  much  to  be  desired  that  some  of 
these  observations  should  be  reduced  and  published  immediately 
so  that  new  corrections  may  be  made  to  the  ephemeris. 

2nd.  Special  series  of  photographic  plates  in  the  region  contain- 
ing the  apparent  path  of  the  planet,  having  for  their  object  the 
determination  of  the  relative  positions  of  the  comparison  stars 
to  which  the  planet  will  have  been  referred  in  the  visual  observa- 
tions. 

In  order  to  gain  time,  to  simplify  the  work  and  to  carry  out 
the  project  under  the  best  conditions,  it  is  not  considered  advis^ 
able  to  take  the  photographs  of  a  given  region  at  the  same  in- 
stant in  which  the  planet  is  there.  A  reference  to  the  ephemeris 
-will  show  that  there  is  great  advantage  in  beginning  this  part  of 
the  work  immediately. 

The  photographic  experiments  for  the  investigation  oftheeffect 
of  atmospheric  dispersion  and  the  trails  of  the  stars  referred  to  in 
the  previous  circular,  should  be  carried  on  at  the  same  time.  But 
in  this  case,  where  the  planet  is  not  taken  on  the  same  plate,  the 
photographic  operation  will  be  carried  on  as  follows: 

(a)  Photograph  of  a  portion  of  the  apparent  path  under  condi- 
tions equivalent  to  those  laid  down  for  short  exposures  in  the 
photographic  chart  of  the  sky.  For  example,  in  making  two  suc- 
cessive exposures  upon  the  same  plate,  one  of  six  minutes,  the 
other  of  two  minutes,  in  such  a  way  as  to  obtain  for  each  star 
two  images  distant  about  20"  from  each  other  in  declination. 
The  plates  of  this  series  will  be  used  for  the  determination  of  the 
relative  positions  of  the  comparison  stars. 

(b)  Photograph  of  the  same  region,  after  giving  to  the  instru- 
ment in  reference  to  the  diurnal  motion  an  acceleration  of  one  or 
two  minutes  of  arc  per  hour. 

It  can  be  determined  by  examination,  in  accordance  with  the 
circular  of  August  3d,  if  the  mutual  distances  of  the  stars  on 
plate  {6)  ha  ve  the  same  value  as  on  plate  (a) ,  and  from  this  com- 
parison to  deduce  the  systematic  errors  to  be  applied, if  any.  The 
plates  of  series  (a)  ought  to  lap  over  those  of  series  (b),  so  that 
the  same  star  will  be  on  both  plates. 

The  following  rule  is  suggested  for  forming  a  table  of  equator 
al  coordinates  of  the  center  of  the  successive  plates: 
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At  the  epocb  of  commencing  the  photographs  adopt  for  the 
center  of  the  first  plate  one  of  the  positions  given  by  the  ephem- 
eris  and  suitable  for  observation.  Thus,  for  example,  if  it  is  de- 
sirable to  mention  the  first  of  September  the  center  of  the  plate 
should  be  taken  at  that  point  of  the  celestial  sphere  where  the 
planet  from  its  ephemeris  will  be  on  the  28th  of  November.  To 
determine  the  center  of  the  following  plate  calculate  the  right  as- 
cension and  declination  of  the  point  situated  about  a  degree  dis- 
tant from  the  preceding  center  and  on  the  apparent  path  of  the 
planet,  and  thus  in  succession  for  each  plate. 

In  this  way  the  area  of  the  part  common  to  two  successive 
plates  will  never  differ  more  than  one-half  of  the  total  area;  tt 
will  vary  between  .42  to  .50. 

The  series  for  the  determination  of  the  parallax  should  com- 
mence about  October  Ist.  A  new  circular  containing  various 
auxiliary  tables  and  instructions  for  the  observations  will  be 
distributed. 

S.  J.  Brown, 

Professor  of  Mathematics,  U.  S.  N., 

Astronomical  Director. 


PTOLEMVS  THBORBM  ON  THB  APPARENT  BNLAKGBHBNT 
OF  THB  SUN  AND  MOON  NBAR  THE  HORIZON. 

T.  J.  J.  SHE. 
Fob  POPUI.1K  Aitrokokt. 

The  cause  of  the  apparent  enlargement  of  the  Son  and  the 
Moon  near  the  horizon  does  not  seem  to  be  clearly  understood, 
although    the  question  was  an  old   one  even  in  the   days  of 
Ptolemy.      An  examination  of  the  problem  and  of  the  theories 
given  in  the  standard  works  on  Astronomy  can  hardly  fail  to  im- 
press one  with  the  desirability  of  a  more  satisfactory  explana* 
tion  of  the  phenomenon. 
In  the  Almagest,  Halma's  Edition,  page  9,  Ptolemy  says: 
AWa  j-ap  xa\  to  apos  tois  opl^ouffi  fttlZova  ra  fiSyiSt} 
tpaivtOai  ovx  1  anoaraaiS  eHiaTToay  ovOa  notti, 
akX'  t'f  Tou  vypou  Tou  aepiexofTOS  rt/y  y^v  ava^vfiiaati 
HeraSv  rt/s  re  oijjsws  ^fimv  xal  avtaiv  yiyyof^tVT/ 
xaOaittp  Mui  ra  iis  vSoop  s/i^Xtfffirra  fitiZova  ipaiverai, 
xal  offO)  av  xarwrtpco  X'^P^i  roaovTCO  pti'^ova. 
"For  if  the  Stars  appear  to  us  larger  when  on  the  horizon,  this  is 
not  because  they  are  less  remote  from  us,  but  on  account  of  the 
moist  vaporwbich  surrounds  the  earth  between  our  eyes  and  the 
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stars,  and  apparently  enlarges  them,  just  as  things  plunged  into 
water  appear  to  us  the  larger  the  deeper  they  are  immersed." 

Of  course  this  explanation  of  Ptolemy  is  incorrect,  yet  it  is 
quiteas  plausible  as  those  given  in  text-books  now  in  general 
use.  In  many  such  works  we  find  tbe  explanation  that  the  Moon 
and  Sun  look  larger  on  the  horizon  because  of  their  proximity 
to  neighboring  terrestrial  objects.  Let  us  consider  this  question 
in  a  geometrical  manner,  such  as  the  Greeks  would  employ  if 
they  bad  our  knowledge  of  modern  Physics. 

Suppose  o  to  be  an  observer  on 
the  surface  of  the  Earth,  oo' an  arc 
of  the  Earth's  surface  substending 
an  angle  &  atthecenter  of  the  Globe, 
.  a  the  height  of  a  layer  of  clouds  in 
the  terrestrial  atmosphere  (here 
some  what  exaggerated  for  the  sake 
of  illustration).  And  suppose  an 
observer  to  ascend  in  a  balloon  to  the  upper  surface  of  this  strat- 
um when  the  sky  is  clear;  then  he  can  see  the  station  o'  where 
the  clouds  disappear  to  the  observer  on  the  surface  at  o. 

Now  we  have  cos  8  =  ■=-;- — .  and  since  1  —  cos  0  =  2  sin*  -^t 


But         ^rnt=i-^-^^  +  ~. 


1.2.3       2"    1.2.8.4.5       

and  when  tbe  angle  is  small,  we  may  take  the  arc  for  the  sine 

without  sensible  error,  so  that 


"  \  2  (fi  H 


) 

If  the  hei>;ht  of  the  clouds  be  a  little  over  a  kilometer,  say 
-   th  of  the  Earth's  radius,  as  frequently  happens,  the  second 

term  will  reduce  to  - —  = --^'nearly.     Thus   the   station 

\ 10002        100 

at  o' removed  from  o  by  the  angled  is  one-fiftieth  of  Earth's 
radius  distant,  or  127.6  kilometers,  and  the  angle  ff  is  l.°15. 

Thus,  neglecting  refraction  for  thesakeof  simplicity,  an  observer 
at  o  could  see  clouds  just  on  the  horizon  at  o',  127.6  kilometers 
away,  when  they  pass  over  his  head  at  an  elevation  of  1.276 
kilometers,  which  is  probably  a  fair  average  of  the  height  of 
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most  rain-bearing  clouds.  The  observer  sees  these  clouds  going 
oyer  daily, and  becomes  conscious  of  the  fact  thathecao  see  much 
further  near  the  horizon  than  overhead ;  and  the  result  is  that  he 
conceives  the  sky  unconsciously  to  be  made  up  of  strata  such  as 
the  clouds  float  in  —  the  vertical  height  beiug  small  compared 
to  the  horizontal  distance  to  which  he  can  penetrate. 

If  the  clouds  overhead  are  distant  1.3  kilometers,  he  ought 
theoretically  to  be  able  to  see  them  at  a  distance  of  more  than 
120  kilometers.  Practically  he  is  accustomed  to  view  them  near 
the  horizon,  at  a  distance  of  some  ten  or  twenty  kilometers,  as 
few  persons  make  an  effort  to  see  clouds  till  they  become  con- 
spicious  objects  near  by.  The  concrete  result  is  that  almost  all 
persons  from  the  continued  impressions  of  nature  from  childhood, 
cotse  to  view  the  dome  of  the  heavens  as  havicg  a  horizontal  ex-  . 
tension  ten  or  twenty  timed  its  vertical  height.    Those  who  have 


Bnlargcmeat  of  Objects  near  Horizon, 
a  more  limited  view,  give  the  horizontal  extension  of  the  sky  as 
only  three  or  four  times  that  of  the  vertical.  Now  the  mind  fixes 
the  Sun  and  Moon  on  the  visible  surface  of  this  flattened  dome, 
whether  they  beneartheborizonorhighin  the  heavens.  And  as  the 
angular  ape rtui'e  of  the  luminous  disc  is  the  same  without  regard 
to  the  distance  of  the  vault  into  which  it  is  projected,  the  mind 
involuntarily  enlarges  it  strictly  in  proportion  to  the  distance  at 
which  it  is  supposed  to  be.  Thus  near  the  remote  horizon  it  may 
appear  to  have  a  diameter  3  or  5  or  10  or  20  times  that  which  it 
has  when  floating  in  the  sky  overhead. 

The  enlargement  is  purely  psychological,  due  to  the  deceptive 
shape  of  the  celestial  spherecontinuatlj'  produced  upon  our  minds 
from  childhood  by  the  visible  effects  of  clouds  in  the  atmosphere. 
And  as  our  habits  of  mind  lead  us  to  place  the  base  of  the  dome 
of  the  heavens  at  a  greater  distance,  while  the  arch  overhead  is 
quite  near  by,  the  eye  is  too  accurate  and  faithful  a  guide  to  the 
mind,  to  fail  to  convey  the  impression  of  a  rising  luminary  of  im- 
mense  extent,  while  overhead,  the  impression  is  that  of  a  body 
of  greatly  diminished  magnitude. 

From  these  considerations  it  follows  that  while  Ptolemy's  ex- 
planation of  the  Moon's  enlargement  as  being  due  to  the  enve- 
lope of  vapors  through  which  the  body  appears,  is  incorrect,  it 
yet  contains  an  element  of  truth  in  ascribing  the  illusory  effect 
to  the  depths  of  vapor  in  which  the  disc  is  projected. 

Washington,  D.  C,  1900,  August  6. 
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RBPKESENTATIVB  STELLAR  SPECTRA  BY  SIR  WILLIAM 
HUGGINS  AND  I^klTS  HUGGINS. 


'.  W.  PAYNS. 


Iq  our  last  number  we  did  not  complete  what  we  wished  to  say 
about  Vol,  1,  of  the  publications  of  the  Sir  William  Huggins'  Ob- 
servatory at  Tulsehill,  London,  England.  But  before  continuing 
our  brief  account  of  this  important  work,  we  should  make  a  cor- 
rection in  our  statement  of  the  price  of  the  book  which  is  given, 
in  the  second  line  from  the  bottom  of  page  327,  as  $5.  The  price, 
as  announced  in  a  circular  just  received  from  Messrs.  William 
Wesley  and  Son  is£l  5'net,or$6.25,and  not  $5,  as  there  printed. 
■  It  was  in  1866,  '67  and  '68  that  Dr.  Huggins  discovered,  in 
three  of  the  faint  comets  of  those  years,  tbat  part  of  the  light 
emitted  from  them  belonged  to  the  comets  themselves,  and  that 
the  light  of  the  comet  of  1868  gave  a  spectrum  consisting  of 
three  bright  flutings.  These  new  and  intensely  interesting  facts 
awakened  great  expectations  for  tbe  study  of  the  much  brighter 
comet  which  appeared  in  June  1868.  As  tbe  telescope  armed 
with  a  spectroscope  was  turned  on  this  comet,  the  spectrum  of 
three  bright  bands  or  flutings  again  appeared,  each  alike  falling 
off  in  brightness  toward  the  violet  end  of  the  spectrum.  The 
positions  of  these  bands  were  carefully  measured  from  tbe  bright 
-and  sharp  edge  on  the  red  side,  and  to  thesurpriseof  Dr.  Hoggins 
they  were  found  to  agree,  in  position,  with  three  similar  flutings 
in  the  brightest  parts  of  Carbon.  For  the  first  time,  Dr.  Huggins 
■was  privileged  to  see  the  fluted  spectrum  of  tfaiscomet confronted 
with  the  spectrum  of  oleflant  gas,  and  to  find  in  this  comparison 
a  fall  and  exact  confirmation  of  the  nature  of  the  substance  from 
which  proceeds  the  greater  part  of  the  light  of  those  comets 
-which  give  spectra  like  these  just  described. 

It  will  be  remembered  that  the  relation  of  comets  and  meteoric 
swarms,  at  this  time,  was  attracting  much  attention  by  the  dis- 
coveries of  Newton  of  Yale,  Adams  of  England  and  Schiaparelli 
of  Italy,  and  so  it  became  easy  and  natural  to  make  a  study  of 
meteorites  to  find  out  what  gases  might  be  found  in  these  sky- 
stones  in  an  occluded  state.  As  a  result  it  was  soon  known  that 
meteorites  contain  carbonic  oxide,  carbon  dioxide  and  that  many 
of  them  carry  a  large  percentage  of  hydrocarbons.  It  has  been 
later  observed  that  some  give  spectra  containing  the  three  bands 
like  those  seen  in  the  base  of  a  candle  flame,  and  it  is  now  an  ac- 
cepted fact  that  the  greater  part  of  the  light  of  comets  is  dne  to 
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the  fluted  spectrum  of  carbon. 

In  this  connection  Dr.  Huggins  calls  attention  to  some  addi> 
tional  knowledge  in  respect  to  the  light  of  comets  which  was 
gained  by  the  aid  of  photography.  In  1881,  for  the  first  time, 
suitable  photographic  plates  were  in  the  hands  of  astronomers, 
and  the  appearance  of  a  bright  comet  that  year,  made  it  possible 
to  examine  its  light  in  the  invisible  region  oftfaespectram  toward 
the  violet.  Of  this  photograph  Dr.  Huggins  says:  "The  plate 
contained  an  extension  and  confirmation  of  my  earlier  observa- 
tions by  eye.  "There  were  the  combined  spectra  of  two  kinds  of 
light — a  faint  continuous  spectrum  crossed  by  Praunhofer  lines 
which  showed  it  tn  be  reflected  solar  light.  Upon  this  was  seen 
a  second  spectrum  of  the  original  light  emitted  by  the  comet 
itself.  This  spectrum  consisted  mainly  of  two  groups  of  bright 
lines,  characteristic  of  the  spectra  of  certain  compounds  of  car- 
bon. It  will  be  remembered  that  my  earlier  observations  re- 
vealed the  three  principal  flatings  of  carbon  as  the  main  feature 
of  a  comet's  spectmm  in  the  visible  region.  The  photograph 
brought  a  new  fact  to  light.  Liveing  and  Dewar  bad  shown  that 
one  of  these  bands  consisted  of  lines  belonging  to  a  nitrogen  com- 
pound of  carbon.  We  gained  the  new  knowledge  that  nitrogen 
as  well  as  carbon  and  hydrogen  exists  in  comets.  Now,  nitrogen 
is  present  in  the  gas  found  occluded  in  some  meteorites.  At  a 
later  date  Dr.  Flight  showed  that  nitrogen  formed  as  much  as 
17  per  cent  of  the  occladed  gas  from  the  meteorites  of  Cran- 
boume,  Australia." 

So  much  has  been  said  of  the  splendid  work  of  Dr.  Huggins  in 
these  earlier  years  of  the  so-called  new  astronomy  to  bring  to 
the  attention  of  our  readers  the  large  and  important  part 
due  to  his  labors  in  its  rise  and  rapid  progress.  Those 
who  are  acquainted  with  the  history  of  practical  astronomy  be- 
tween the  years  1865  and  1885  especially,  very  well  know  that 
to  Dr  Huggins  chiefly  belongs  the  credit  of  outlining  the  large 
and  grand  foundation  of  the  new  astronomy  as  distinguished 
from  the  old,  by  all  writers  in  science  in  later  years.  Those  who 
are  not  familiar  with  the  history  of  the  new  methods  during,  and 
since,  the  period  named  above,  will  find  much  information  in  the 
pages  of  this  new  book  in  regard  to  method  and  result  in  astro- 
nomical work  which  occupy  the  attention  and  the  energies  of 
foremost  astronomers  in  all  parts  of  the  world,  even  at  the  pres- 
ent time. 

Before  closing  this  brief  review,  it  may  be  profitable  to  the 
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reader  to  have  a  shott  account  of  this  new  book  as  a  whole,  that 
he  may  gain  thereby  a  more  complete  idea  of  its  entire  contents, 
including  the  work  of  the  authors  to  the  present  time,  as  well  as 
that  referred  to  particularly  in  what  precedes. 

The  contents  of  this  volume  is  divided  into  eight  chapters ;  the 
first  treats  of  the  history  of  the  Observatory,  and  of  the  work 
done  therein ;  the  second  is  a  list  of  the  published  papers  on  the 
work  of  the  Observatory;  third,  description  of  the  methods  of 
taking  the  photographs  of  the  stellar  spectra;  fourth,  descrip- 
tion of  the  spectroscopes  in  use  in  the  Observatory ;  fifth,  descrip- 
tion of  the  automatic  arrangement  by  which  the  necessary 
breadth  was  given  to  the  stellar  spectra  on  the  photographic 
plate;  sixth,  discussion  of  Che  evolutional  order  of  the  stars,  and 
the  interpretation  of  their  spectra,  treated  under  the  heads, 

(1)  Of  the  types  of  stellar  spectra, 

(2)  Original  differences  of  stellar  constitution, 

(3)  Classification  of  stellar  spectra, 

(4)  Physical  and  chemical  interpretation  of  stellar  spectra  by 
means  of  terrestrial  spectra  observed  in  the  laboratory. 

Seven,  description  of  the  plate  of  historical  spectra ;  and  dght, 
preliminary  discussion  of  the  stellar  spectra  of  the  plates. 

Pollowiog  the  contents  are  the  twelve  beaatifiil  plates  men> 
tiooed  in  the  previous  article.  The  first  is  spark  spectra  showing 
effect  of  density  on  the  relative  intensities  of  the  lines  of  calcium. 
Second  is  historical  spectra;  third  gives  spectra  of  the  Sun  and 
the  Great  Nebula  of  Orion,  of  ^,  of  ^  Ononis,  of  the  Sun  and  Nova 
Auriga*.  Pour  gives  Spectra  of /?  Lyrse  and  helium  enlarged  494 
times,  of  Bellatrix,  oxygen  and  nitrogen,  of  Bellatrix  and  helium, 
of  Rigel  and  helium.  Five  presents  spectra  of  Rigel,  stllicnm  and 
titanium  enlarged  4%  times,  of  (v  Cygni,  sillicum  and  titanium, 
of  a  Leonis,  of  y  Lyrae,  of  r  Andromedge,  of  a  Lyrse.  Six  shows 
twospectraofSirius,  entailed  4%  times,  of  Castor  (fainter  star 
only),  of  a  Aquilae,  of  Procyon  and  of  r  Cygni.  Seven  gives  spec- 
trum of  r  Cygni,  enlarged  4%  times,  of  the  Sun  and  Capella,  of 
Arctnrus,  iron  and  calcium,  of  r  Andromeda:  and  of  Betetgeuxe. 
Eight,  enlarged  15  times,  is  the  spectrum  of  ;8  Lyrse,  of  Bellatrix, 
of  Rigel  and  of  or  Cygni.  Nine  enlarged  15  times  gives  spectra  of 
a  Leonis,  of  r  Lyras,  of  Serius,  of  Castor,  and  of  a  Aquilfe.  Ten, 
enlarged  15  times,  shows  spectra  of  Procyon,  of  j-  Cygni,  of 
Capella  and  the  Sun,  of  Arcturus  and  of  Betelgeuxe.  Eleven  pre- 
sents spectra  of  the  component  stars  of  Castor,  of  the  component 
stars  r  Andromedas,  and  of  the  component  stars  of  /S  Cygni. 
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Twelve  gives  the  spectra  of  the  component  stars  of  Cor  CaroU, 
of  the  componetit  stars  of  <x  HercuHs,  and  of  the  component  stars 
of  Y  Leonis, 

From  snch  an  outline  the  variety  of  work  and  the  detailed  ex- 
tent of  it  at  once  appear.  The  stars  chosen  are  typical  ones,  and 
the  methods  employed  by  these  distinguished  astronomers  were 
among  the  best  now  known,  and  hence  nothing  less  than  quick 
and  notable  results  would  follow  their  pains-taking  labors, 
even  in  laying  the  broad  foundation  of  the  new  astronomy  that 
the  scientific  world  now  so  much  enjoys  in  the  end  of  the  nine- 
teeoth  century. 


TOTAL  SOLAR  BCLIPSB  OF  MAY  28,  1900. 


Being  very  desirous  to  observe  this  beautiful  phenomenon,  I 
went  to  Elche,  near  Aliconte,  (Spain),  a  pretty  town  not  distant 
from  the  central  line  of  totality.  At  first  I  had  some  fears  be- 
cause of  ominous  clouds  and  rain, but  on  the27tb  the  sky  became 
perfectly  clear  and  the  eclipse  was  observed  without  the  slightest 
trace  of  a  cloud. 

Besides  photographs  of  the  corona  made  in  connection  with 
the  Montpellier  University  Expedition  (results  of  which  will  be 
separately  published  inComptes-/fendi7sderj4cad(?fli£des  Sciences), 
I  have  made  the  following  scientific  observations,  especially  on 
the  Shadow-Bands  and  a  tolerably  exact  sketch  of  the  corona  as 
seen  to  the  naked  eye.    (See  plate  XIV,) 

SbadowSaads. — For  the  observations  of  these  bands,  I  was 
seated  on  a  com -threshing  floor,  perfectly  levelled  and  command^ 
ing  a  wide  view  of  land.  About  three  minutes  before  totality,  I 
saw  the  shadow-bands.  They  were  regular,  with  the  appear- 
ance of  sinusoidal  curves,  not  clearly  defined,  but  greyish  and 
faint  on  the  ground.  However,  their  intensity  was  sufficient  to 
get  the  attention  of  two  Spanish  policemen  who  were  at  my  left. 
The  width  of  the  bands  was  two  inches  apart  when  it  was  about 
;L  or  IVi  foot.  Their  motion  uniform, it  seemed,  was  as  rapid  as  a 
man  walks. 

At  first  the  motion  was  precisely  the  same  direction  of  east 
and  west.  But  one  minute  before  totality,  I  saw  a  remarkable 
phenomenon  (not  observed  before,  I  believe).  Beides  the  first 
system  already  described,  was  seen  suddenly  a  second  system  of 
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The  Solar  Corona.  May  28. 1900,  Wadbsboru,  N.  C. 

wloirapticd  by  DivM  E,  Haddin.  2W  Inch  PonrdI  Len*,  IS  Inch**  focui.     Exixnuri  ibnil  S  ft*. 


DBA  WING  OF  Corona  Made  Nbar  Aix;antb,  Spain,  by  M.  Moyb, 
MoNTPELLiER,  France,  May  28, 1900. 

Fol-ULAR  ASTBONOMY  No,  77.  Diyiiz^ly^iOO'^IC 
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PLATE  XV. 
Total  Solar  Eclipse.  May  28,  1900. 


British  Abtrokomicai.  Associatiuk  Station.  Wadrskoro,  N.  C. 

PtboUitrAphed  by  H.  E.  Hnddtn. 


St.  Louie  Unitbrsity  Station,  W, 

R«v.  C.  M.  Chirroppln. 


POPCLAR   ASTRONOMV  No.  77. 
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bands,  showing  the  same  geaeral  appearance,  but  the  motion  was 
distinctly  in  the  opposite  direction,  viz :  from  west  to  east, 

I  have  satisfied  myself  of  the  reality  of  the  thing,  which  was 
testified  to  after  totality  by  several  other  persons  near,  I  must 
say  that  the  wind,  moderate  in  force,  was  blowing  during  all  the 
eclipse  from  the  same  direction,  east  south-east. 

Appearance  of  the  corona. — To  the  naked  eye  and  in  the  opera 
glass,  the  Moon  was  perfectly  black  and  it  was  surrounded  by  a 
circle  of  silvery  white  almost  dazziogly  bright,  and  resembling 
the  classical  drawings  of  an  Annular  Eclipse.  This  was  the  inner 
corona,  kt  therightandleftof  the  Sun,  were  twoimmensestream- 
era,  pearly  of  tinge,  tolerably  bright  and  fading  away  gradually 
ontheedges.  They  wereon  theecliptic  or  very  near  it,  their  length 
was  two  or  three  solar  diameters,  the  western  streamer  ^vas  no- 
ticed almost  near  Mercury,  at  2°  from  the  Sun.  The  original 
form  of  the  streamer  was  very  conspicuous,  each  seemed  like  two 
curved  rays  with  a  central  rift.  At  the  Sun's  poles  were  only 
short  and  faint  plumes,  a  typical  form  of  a  minimum  year. 

No  star,  (except  Sirius)  was  seen,  but  Mercury  was  bright,  as 
Venusatthebeginningof  the  twilight.  It  is  needless  to  say  that 
Yenus  was  very  bright  over  our  heads. 

General  Notes.  During  totality  the  sky  was  dim,  the  bine 
become  an  ashy  grey ;  round  the  horizon  a  large  zone  of  a  golden 
yellow  hue,  with  rosy  and  lilac  streamers, producing  a  very  artis- 
tic and  a  beautiful  view. 

The  landscape  was  as  if  draped  in  a  dull  leaden  grey,  the  colors 
faded  ft-om  objects  and  the  appearance  was  grand  and  rather 
sorrowful. 

The  falling  temperature  as  totality  drew  near,  was  very  strik> 
ing  and  the  coolness  was  such  as  to  become  rather  unpleasant. 
The  thermometer  (Centigrade)  fell  from  26°  to  20°  in  the  shadow. 

The  obscuration  of  the  scene  was  not  intense,  all  objects  were 
distinctly  seen,  as  the  divisions  of  a  watch;  a  newspaper  could  be 
read  without  artificial  light;  the  general  illumination  was  much 
greater  than  the  light  of  the  Full  Moon, 

University  at  Montpellier,  (France), 
June  16,  1900. 
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TOTAL.  SOLAR  BCLIPSB  MAY  38,  1800. 

W.  W.  PAYNE. 

Something  more  can  be  said  about  the  results  of  the  observa- 
tions of  the  last  total,  solar  eclipse  in  addition  to  what  was 
given,  last  month,  by  Dr.  H.  C.  Wilson,  of  Goodsell  Observa- 
tory, who  was  the  astronomer  of  the  party  from  Carleton  Col- 
lege that  observed  the  eclipse  at  Southern  Pines,  North  Carolina. 

In  his  account  reference  was  made  to  the  work  of  bis  party 
particularly,  and  the  party  from  Guilford  College.  He  gave  a 
description  of  the  eclipse,  the  corona,  the  observations  of  thecon- 
tacts  and  some  iateresting  and  useful  remarks  about  other  sta- 
tions near,  such  as  Pinehurst,  Barnsville,  Winnsboro,  Griffin  and 
Wadesboro.  At  some  of  these  stations  were  parties  containing 
distinguished  astronomers  from  home,  and  some  from  abroad. 
The  names  of  most  of  them  are  ^ven  in  the  paper  referred  to, 
and  something  is  said  of  the  particular  astronomical  work  that 
each  had  planned  to  do.  Two  illustrations  accompany  the 
paper;  one  is  a  picture  of  the  observing  station  of  the  Carleton 
College  party,  and  the  other  is  a  reproduction  of  one  of  the  neg- 
atives taken  with  the  eight-inch  photographic  telescope  daring 
totality.  The  cut  does  not  give  nearly  all  the  detail  which  the 
original  negative  shows,  either  in  the  inner  or  in  the  outer 
corona.  It  is  very  much  to  be  regretted  that  we  have  no  means 
of  reproduction  which  will  faithfully  bring  out  nearly  all  that 
the  original  negatives  show.  Hence,  we  have  to  be  satisfied 
with  that  which  can  be  secured,  and  try  to  make  up  what  is 
lacking  in  verbal  description. 

The  first  thing  that  may  come  to  the  minds  of  thoughtful  read- 
ers is,  what  have  astronomers  learned  from  the  results  of  the 
total  eclipse  of  May  last?  The  day  was  almost  a  perfect  one 
throughout  the  entire  path  in  the  United  States,  and  the  number 
of  observing  parties  was  large  at  different  points  along  the  line 
of  totality  all  the  way  from  the  Gulf  of  Mexico  to  the  Atlantic 
Ocean.  Sorely  from  such  a  favorable  opportanity  some  satisfac- 
tory results  must  have  been  gained.  If  we  notice  Mr.  Chas. 
Burckhalter's  work  which  is  presented  in  plate  XIII  the  results  of 
a  new  method  of  exposing  plates  to  photograph  the  inner  and 
outer  corona  at  the  same  time  will  be  seen.  Mr.  Burckhalter 
sent  us  six  positives  in  the  form  of  lantern  slides.  The  reproduc- 
tions are  five  and  six  in  the  series,  and  show  very  plainly  the 
difference  between  an  exposure  which  is  controlled  and  one  that 
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is  not  controlled.  No.  5  is  the  exposure  of  a  plate  for  eigbt  sec-  ' 
onds  of  time,  in  the  ordinary  way,  both  for  the  inner  and  for  the 
outer  corona,  and  it  is  seen  that  the  efiect  is  about  the  same  as 
that  which  is  observed  in  any  of  the  good  photographs  of  the 
corona  taken  during  the  last  eclipse.  No.  6  shows  the  applica- 
tion of  a  piece  of  apparatus  designed  to  control  and  adapt  the 
time  of  exposure  of  a  plate,  so  as  to  give  less  time  to  the  bright, 
inner  corona,  aad  more  time  to  the  outer  faiat  part,  and  thus 
to  avoid  oTcr  exposure  of  the  former,  and  under  exposure  of  the 
latter  when  it  is  desired  to  photograph  both  parts  at  the  same 
time,  on  the  same  plate.  Bvidently  the  difference  between  the 
two  pictures  is  marked,  and  largely  in  favor  of  the  controlled 
method  in  securing  details  in  all  parts  of  the  corona  at  the  same 
time  in  a  single  exposure.  These  pictures  were  both  taken  at  the 
same  time,  and  the  total  exposure  of  each  was  eight  seconds. 
The  figures  at  the  top  of  No.  6  show  very  closely  the  actual  time 
of  exposure  of  the  plate  at  the  respective  distances  in  arc  from 
the  center,  indicated  by  the  figures  of  the  upper  line.  In  other 
words  at  a  distance  of  16'  from  the  center,  the  time  of  exposure 
was  0'.04 ;  at  32' it  was  1'.76  and  at  110'  it  was  8".0O.  The 
semi-diameter  of  the  Sun  on  May  28,  was  nearly  15'  47",  that  of 
the  Moon  at  the  same  time  was  15'  58",  nearly.  From  these  fig- 
ures it  will  be  readily  understood  how  the  time  of  exposure  was 
related  to  the  corona  and  the  limb  of  the  black  Moon  intbeshort 
period  of  totality.  It  is  also  evident  why  the  time  of  the  total 
phase  was  so  short  which  was  a  disadvantage,  in  view  of  the 
work,  but  also  a  small  advantage  in  revealing  the  inner  corona 
when  the  obscuration  was  greatest. 

Mr.  Borckhalter  speaks  confidently  of  the  time  of  exposure  in 
the  different  parts  of  the  corona  which  was  under  control  and 
says  that  they  are  not  simply  approximate,  but  they  are  very 
close  to  the  values  given,  and  certainly  within  one  fortieth  of  the 
values  named. 

Astronomers  who  are  practical  photographers  will  certainly  be 
interested  in  this  new  piece  of  apparatus,  designed  some  time  ago 
by  Mr.  Burckbalter  but  who  has  not  before  had  opportunity  to 
give  it  a  trial  in  eclipse  work. 

Another  feature  of  this  eclipse  of  some  interest  was  that  of  the 
shadow  bands.  As  noticed  in  the  article  above  referred  to  last 
month,  care  was  taken  at  the  station  in  Southern  Pines,  to  ob- 
serve this  phenomenon  and  the  results  are  given  on  page  303.  la 
an  article,  elsewhere  published  in  this  number,  by  Professor  M. 
Moye,  of  the  University  of  MontpelUer,  France,  interesting  facts 
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about  the  same  phenomenon  appear.  They  are  so  different  from 
those  noted  by  the  observers  of  the  Carleton  College  party  and 
others  at  the  same  station,  that  it  has  seemed  desirable  to  call 
attention  to  these  observations.  Both  seem  to  be  definite,  and 
to  have  been  carefully  made  in  all  respects,  bat  the  differences  of 
velocity,  width  of  shadow  and  direction  of  motion  are  consider- 
able. It  might  be  possible  to  bring  these  observations  into  har- 
mony if  we  knew  more  of  the  nature  of  thia  phenomenon  and  the 
circumstances  of  observation  at  the  two  stations  which  may 
differ  in  some  important  particulars. 

Another  point  of  some  interest,  which  may  be  spoken  of  more 
fully  later,  is  the  relation  of  the  form,  and  some  other  features 
of  the  corona,  to  the  11-year  cycle  of  the  sun  spots.  Some  as- 
tronomers have  thought  that  such  a  relation  exists,  and  they 
have  been  studying  total  eclipse  of  recent  date  to  ascertain,  if 
possible,  the  evidence  on  which  such  a  supposition  rests.  It  is 
claimed  that  in  or  near  the  maximum  part  of  the  period,  solar 
eclipses  show  a  correspondingly  large  and  active  corona,  as  in- 
dicated by  the  number  and  length  of  his  streamers,  its  rifts  and 
its  varied  and  complex  structure.  In  the  inner  corona  and  about 
th«  polar  regions  in  the  eclipse  of  1889  a  most  beautiful  display, 
probably  of  electrical  and  magnetic  lines  of  force  were  seen  by 
many  observers.  Those  who  gave  special  attention  to  a  visual 
study  of  thecorona  of  the  eclipse  in  May  last,  say  that  the  two  have 
points  of  resemblance  in  the  particulars  just  mentioned.  On  the 
whole,  the  supposition  is  a  reasonable  one.  If  the  corona  is  due 
to  the  condition  of  the  photographic  regions,  we  ought  to  ex- 
pect  changes  in  its  visible  structure  when  the  solar  surface  is 
most  active.  Since  this  is  especially  true  of  the  equatorial  re- 
gions  of  the  Sun  as  compared  with  those  of  the  polar,  at  all 
times,  it  ought  also  to  be  true  of  the  equatorial  fegions  when  the. 
greatest  differences  of  activity  exist  there.  More  will  be  said 
later  of  the  work  of  professional  astronomers  when  the  results 
of  the  same  are  more  definitely  known. 

This  brief  account  should  not  close,  for  the  present,  without 
reference  to  the  work  of  some  of  the  amateurs.  It  would  be 
profitable  to  say  much  of  what  was  done  by  this  large  and  en- 
thusiastic class  of  observers  who  occupied  many  stations  in  the 
line  of  totality,  and  who  obtained  useful  results  by  the  aid  of 
small  instruments.  The  articles  for  the  papers,  the  many  photo- 
graphs  of  the  corona  and  the  illustrated  pamphlets  that  have 
come  to  hand  plainly  show  this.  One  of  the  neatest  of  these 
pamphlets  was  by  David  E.  Hudden  of  Alta,  Iowa,  which  is  a 
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Total  Solar  Eclipse,  May  28,  1900. 


Eclipse  Station  at  Wadbsboro 

K.  VOUMO.  Pi 

POPCLAX  Abtkohouv  No.  77. 
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fitting  souvenir  of  his  trip  to  Wadesboro,  N.  C,  The  illustra- 
tioas  of  some  of  our  plates  were  taken  from  this  booklet ;  those 
showing  Mr.  Hadden  at  his  4-incb  telescope,  the  location  of  the 
British  Association  Station  and  some  observers  with  Professor 
Young  in  front  of  the  temporary  photographic  house.  The  whole 
pamphlet  consisting  of  a  popular  account  of  the  eclipse  is  inter- 
esting reading,  and  the  many  photographs  sent  therewith  are 
excellent. 

Chaa.  P.  Howard  who  observed  in  connection  with  the  Trinity 
College  party  at  Winston,  N.  C,  has  a  good  report  of  his  obser- 
vations and  a  drawing  of  the  corona  in  the  Trinity  College  Bulle- 
tin, No.  2,  1900.  He  says  the  conditions  for  work  at  Winston 
were  favorable  in  a  rare  degree. 

Professor  C.  M.  Charroppin  of  St.  Louis  sent  us  very  good 
photographs  of  the  eclipse  by  small  cameras.  One  in  particular 
which  showed  streamers  nearly  three  diameters  of  the  Moon,  la 
one  of  oar  plates  his  arrangement  of  a  number  of  cameras  is 
shown.  Professor  Charroppin  is  an  excellent  photographer.  B* 
N.  Fought,  of  the  "Herald"  Carlisle,  Pa.,  who  has  written  some- 
what for  this  magazine,  on  popular  themes,  favored  us  with  a 
full  accout  of  the  work  of  the  Dickinson  party  which  observed 
at  Pungo,  Virginia.  A  large  Rowland  concave  grating  was  used 
in  photographing  the  spectrum  in  the  eclipse  work  of  this  party. 
We  would  speak  of  these  and  other  parties  from  which  notices 
have  come,  but  space  is  wanting  for  it  at  this  time.  Later  we 
will  give  the  results  of  many  araatear  who  have  reported 
contact  observations  at  stations  in,  and  outside  of,  the  path  of 
totality. 


ON   THE   PROPAGATION  OF  THE   TIDAL  WAVE  UPON  THE 

TERRESTRIAL  SPHEROID  REGARDED  AS  SOLID  AND 

COVERED  BY  OCEANS  OF  UNIFORM  DEPTH.* 


For  POPUI.1.B  a»t»osout. 

The  aim  of  this  short  paper  is  merely  to  draw  attention  to 
certain  simple  phenomena  connected  with  the  tide-wave.  The 
oscillations  of  the  particles  of  the  sea  are  very  imperfectly  set  forth 
in  every  work  with  which  1  am  acquainted,  and  as  many  elemen- 
tary works  treat  the  subject  in  an  erroneous  manner,!  have  been 
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led  to  tbiak  that  a  brief  geometrical  explanation  of  tbe  chief  phe- 
nomena would  be  welcomed  by  students  of  Physical  Science. 

It  is  shown  in  works  on  wavest  that  the  motion  of  any  particle 
may  be  defined  by  the  relations 


=7  +  i'  lj,t)f 


•(1> 


where  x  and  j  denote  the  coordinate  of  the  particle  when  undis- 
taibed  by  wave  motion,  and  t  the  time  reckoned  from  some  arbi- 
trary epoch.  The  functions  ?>  (x,  t)  and  (6  (y,  f )  represent  peri- 
odic oscillations  about  a  mean  position,  which  may  be  best  rep- 
resented by  cosines  of  angles. 

x'  =  X  +  S  (x)  cos  (a(— rjc)\  /o^ 

y=y+v(j')sm  (at—rx)f  ^  ' 

It  is  shown  that  these  equations"  may  always  be  transformed 
into 

"  \e  *  +e      *  /cos  {at — tx), 

r-       a/  ?^      -^^\  I 

^\e  *  -e    *    jsin{ot-i'x)  J 

where  y  is  the  depth  of  the  fluid,  and  ^  is  the  wave  length.  When 
the  waves  are  long  compared  to  the  depth  of  the  sea,  as  in  the 
case  of  the  tide-wave. 

^  is  small,  and  we  may  put 

(O.  -4-  X\  =z.o' 


2*  y  2ii  y 

e~^+  e  ~  ~^  =  (2  +  tf)  =  a', 
2icy  2«y 


=(^  +  ^)  = 


where  S,  a',  b'.  are  very  small  quantities.    By  means  of  equa- 

tion   (4)  equation  (3)   thns  gives  ^  +  ttj  =  1.     which    is    the 

equation  of  an  ellipse.  As  6'  is  very  much  smaller  than  a',  the 
Ellipse  is  obviously  very  eccentric,  or  the  horizontal  motion  is 
very  much  larger  than  the  vertical  motion,  as  is  well  known  in 
the  case  of  tides. 

It  is  shown  in  works  on  the  Mathematical  Theory  of  Tides 
that  the  first  and  chief  term  of  the  tide-generating  potential  is 

t  "On  the  General  Theory  of  Tides  and  on  their  SecaUr  BfTectt  upon  the  Fig- 
nret  and  Motions  of  the  Heavenly  Bodies,"  by  the  author;  or  Airy's  "Tide*  and 
Waves." 
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K  =  ~r«(cos=»-ij  (5) 

Where  in  is  the  Moon's  mass,  p  its  distance,  r  the  radius  of  the 
Earth,  a?  the  geocentric  angular  distance  of  the  disturbed  parti- 
cle from  the  Moon. 

If  we  diflferentiate  this  expression  relative  to  any  direction,  we 
shall  get  the  forces  which  disturb  the  particle  relative  to  the  cen- 
ter  of  the  Earth.  The  whole  theory  of  the  tide  Js  based  upon  the 
development  and  extension  of  this  formula.    If  we  diSerentiate 

V  with  respect  to  a>  and  pot  >^  =  0,  we  shall  have  the  condi- 

tion  that  the  force  is  entirely  horizontal,  and  does  not  tend  to 
elevate  the  water. 


phere  under  the  Moon, from  a»  =  0,  to  w  =  54.°75,the  forces  tend 
to  elevate  the  water;  then  in  a  zone  from  a>  =  54.°75  to 
00=  121. °2,  the  water  is  under  a  depressing  influence;  from 
<»  =  121.*2  to  00  =  lSO°the  forces  again  tend  toraise  the  water. 
The  following  figures  illustrate  the  radial  and  tangential  forces 
which  act  upon  the  water. 


The  rise  of  the  water  is  due  principally  to  the  action  of  the 
horizontal  forces,  as  the  vertical  forces  are  of  little  effect  against 
gravity.  The  ebb  and  flow  of  the  tide  is  chiefly  a  horizontal  os- 
cillation of  the  water,  the  fluid  either  side  of  the  point  of  highest 
elevation  having  run  towards  that  point  to  raise  the  level,  and 
having  run  away  from  both  sides  o**  the  lowest  depression  to 
produce  the  drop.  Let  us  now  assume  the  Moon  to  move  in  the 
Celestial  Equator  and  imagine  an  aqueous  canal  of  uniform 
depth  encircling  the  equator  of  the  Earth,  and  let  us  then  inquire 
in  what  manner  the  water  is  running  in  the  different  parts  of  the 
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■  canal  at  any  instant  when  tides  are  generated  in  the  fluid  by  the 
disturbing  action  of  the  Moon.  Since  in  case  of  the  semi-diumal 
tides  there  are  two  approximately  equal  tides  each  day,  it  is  evi. 


dent  that  the  canal  will  be  divided  into  four  parts;  first,  an  ele- 
vation extending  over  an  arc  of  109°.5;  second,  a  depression 
extending  over  iO^.S;  third,  a  second  elevation  extending  over 
109°.5;  and  fourth,  a  second  depression  extending  over  an  arc 
of  70°.5. 

Suppose  we  draw  around  the  accompanying  equatorial  section 
of  the  earth  a  series  of  ellipses  representing  the  oscillations  per- 
formed by  tbe  particles,  and  indicate  in  each  ellipse  the  approxi- 
mate radius  vector  and  phase  of  the  particle  at  a  given  instant. 
To  render  these  ellipses  visible  to  the  eye  they  are  necessarily 
made  much  rounder  than  the  paths  actually  described  by  the 
particles  of  our  seas.  In  the  figure  let  A  and  A'  be  the  places  of 
high  water,  where  the  flow  is  exactly  horizontal  and  in  the  di- 
rection of  the  propagation  of  the  tide-wave;  let  f  and  /""  denote 
the  two  points  where  the  water  is  falling  most  rapidly,  and  the 
motion  of  the  particles  is  upward;  and  finally  let  /and /be  the 
two  points  where  the  water  is  lowest,  and  the  motion  directly 
contrary  to  the  direction  of  the  motion  of  the  tide-wave.  The 
arc*  between  these  points  are  as  follows: 

bf=  54.7° 

/  /  =  .^5.3° 

lr=353° 

rb'=  54.7'= 

■  Tlie  prime  ('j  is  omined  in  cut;  ahoiitil  appear  with  (  on  lower  right  haad. 


.y  Google 


Propagation  of  tbe  Tidal  Wave. 


These  arcs  are  deduced  from  the  tide-geoerattng  potential,  and 
represent  the  parts  of  the  circumfereace  over  which  the  tide-gen- 
erating forces  tend  to  elevate  or  depress  the  water.    Assuming 


that  the  flaid  in  the  equatorial  canal  will  respond  to  the  forces 
acting  upon  it,  we  have  inserted  in  the  figure  a  series  of  ellipses 
with  radii  vectores  showing  the  phase  of  the  particles  in  tbe  sev- 
eral regions,  and  also  arrows  showing  the  direction  of  the  revo- 
lution of  the  ellipses,  as  the  earth  rotates  tnd  the  tide-wave  ad- 
vances westward.  A  slight  displacement  of  each  particle  in  the 
direction  of  the  advance  of  the  tide-wave  is  seen  to  account 
for  the  motion  of  the  shape,  and  in  this  way  the  mnjor 
axis  of  the  figure  of  the  canal  appears  to  revolve  relative  to  the 
earth.  The  figure  thus  appears  to  explain  the  progress  of  the 
tide-wave  in  perfect  accord  with  the  preceding  analytical  theory. 
It  will  be  seen  that  on  each  side  of  r  the  water  is  running  toward 
that  point  over  a  total  arc  of  180°;  109.5°  of  the  arc  being  on 
one  side  of  r  and  70.5°  on  the  other ;  while  on  the  other  side  of  f 
the  water  is  receding  over  similar  arcs. 

At  J  or  y,  the  center  of  the  arc  of  70.5°,  the  motion  is  exactly 
horizontal  and  backwards;  at  h  or  b',  the  centre  of  the  arc  of 
109,5°,  the  motion  is  exactly  horizontal  and  forwards.  It  may 
be  observed  that  the  tide-wave  moves  in  the  direction  of  the  flow 
of  tbe  larger  of  tbe  two  arcs  which  contribute  to  raise  or  lower 
the  water  at  r  or  r',  fort'. 

This  consideration  holds  for  the  propagation  of  a  free  wave. 
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such  as  the  tide-wave  becomes  when  once  generated.  Forced 
wares  are  of  the  same  general  character,  but  may  be  propagated 
at  an;  velocity  consistent  with  the  action  of  the  generating 
forces.  Our  actual  tides  are  summations  of  a  series  of  free  and 
forced  waves,  superposed  by  the  recurring  periodic  forces  of  the 
Sun  and  Moon;  and  as  the  ocean  is  of  variable  depth,  the  two 
series  of  waves  are  propagated  at  very  unequal  rates.  If  wecon> 
sider  the  forced  state  of  the  sea  following  the  Moon's  transit,  by 
a  certain  interval,  it  will  correspond  approximately  to  the  fore- 
going figure  of  the  tide  wave. 


NBW    FORMS  OP  TBLBSCOPBS  AND  OTHER  OPTICAL.  IN- 
STRUMENTS. 


POS  POPDLAB  A 

There  have  recently  appeared  in  the  newspaper  and  scientific 
press  communications  dealing  with  a  new  form  of  telescope,  the 
fundamental  principle  of  which  consists  in  attaining  the  achro- 
matism of  a  large  object  glass  by  the  interposition  of  a  small 
concavo-convex  lens,  silvered  on  the  back.  The  curvatures  of  the 
small  correcting  negative  lens,  with  its  internal  reflecting  surface 
being  so  proportioned  as  to  cause  its  negative  cbromatism  to 
correct  the  positive  cbromatism  of  the  object  glass  more  com- 
pletely than  has  yet  been  attained,  at  the  same  time  at  a  much 
less  cost  and  with  a  shorter  tube. 

It  has  recently  been  announced  that  Professor  Schupmann  of 
the  Technische  Hoch  Schule  at  Aiz-la-Chapelle  in  Prussia,  on  July 
30,  1897,  applied  for,  and  obtained  in  the  United  States  (under 
Letters  Patent  No.  620978,  dated  March  14th,  1899,)  a  patent 
on  such  an  instrument  as  is  aboved  described  under  the  name  of 
"Medial- Fern  oh  r."  Among  other  things,  it  is  claimed  that  one 
of  the  advantages  of  the  telescope  is  that  single  crown  glass 
lenses  alone  may  be  used.  Prof.  Schupmann,  it  is  also  announced, 
has  published  a  book  on  the  subject. 

Under  tbe  circumstances,  and  in  defence  of  the  interests  of  two 
of  its  members,  Messrs.  2.  M.  and  J.  R.  Collins,  the  Astronomical 
Society  of  Toronto,  thinks  it  proper  to  intervene  for  the  purpose 
of  laying  before  your  readers  certain  facts  not  hitherto  published, 
and  which  may  tend  to  place  the  alleged  new  invention  in  a  dif- 
ferent light. 

•Secretary  Toronto  Astronomical  Society. 
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In  1893  the  Messrs.  Collins  constructed  a  Telemeter  of  their 
own  design  in  which  a  modified  form  of  dialyte  objective  was 
used  for  the  purpose  of  shortening  the  tube  and  amplifying  the 
focus.  As  a  further  result  of  their  studies  they  came  to  the  con- 
clusion that  certain  principles  employed  in  their  Telemeter 
might  be  advantageously  used  in  a  telescope  combining'  some  of 
the  properties  of  areft-actor  and  a  reflector.  In  the  summer  of 
1896,  they  completed  and  exhibited  to  a  few  friends  and  a  num- 
ber of  members  of  this  Society  an  instrument  of  4-inch  aperture, 
2  ft.  in  length  and  4  ft.  focus  which  they  called  the  Monoplane 
achromatic  Telescope.  This  instrument  performed  admirably, 
photographs  being  taken  with  it.  On  the  suggestion  of  the 
Messrs.  Collins,  confidential  communications  were,  in  the  spring 
of  189  7,addressed  to  Lord  Kelvin,  and  to  Professor  J.  A.  Brash- 
ear,  of  Alleghany,  Pa.,  and  Dr.  H.  C.  Vogel.  Potsdam,  Prussia. 
To  these  gentlemen  were  also  submitted  drawings  as  well  as  de- 
scriptions of  the  fundamentals  of  the  Monoplane  combination. 
On  the  data  before  him.  Lord  Kelvin  declined,  however,  to  express 
a  conclusive  opinion;  Professor  Brashear,  while  not  committing 
himself  to  the  principle  involved,  suggested  that  an  eight-inch 
telescope  of  high  quality  should  be  constructed  and  tested.  In 
faiB  first  communication,  Dr.  Vogel,  who  stated  that  he  bad 
sbonn  the  invention  to  his  assistants,  unsparingly  condemned 
the  telescope,  but  after  a  letter,  explaining  to  him  an  error  in 
the  figures  first  supplied  him,  together  with  enlarged  explana- 
tions. Dr.  Vogel  then  said  the  combination  appeared  to  him  in 
an  entirely  new  light,  and  with  the  figures  then  before  him  he 
fonnd  the  correction  for  chroraatism  "to  be  more  complete  in- 
deed than  is  the  case  with  the  ordinary  achromatic  objective." 

As  a  result  the  construction  of  an  instrument  of  3  inches 
aperture  was  proceeded  with — the  late  President,  Mr.  Arthur 
Harvey,  F.  R.  S.  C,  and  Mr.  John  M.  Martin  joining  them  with 
a  view  to  furthering  its  completion.  The  development,  however, 
of  aa  important  feature  of  the  combination  (not  mentioned  in 
the  communications  referred  to  and  not  included  in  Professor 
Schupmann's  patent  specifications)  delayed  the  construction  of 
the  second  instrument  and  it  was  not  until  thia  was  nearly  com- 
pleted that  Professor  Schupmann's  patent  proceedings  became 
known. 

The  point  which  the  Society  wishes  to  make  is  that,  so  long 
ago  as  the  early  part  of  1896,  a  telescope  embodying  the  essen- 
tial features  of  that  described  by  Professor  Schupmann,  was 
constructed  and  tested  in  Toronto.    In  each  of  two  annual  ad- 
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dresses  to  the  Society,  delivered  m  January  in  each  of  the  years 
1896  and  1897.  Mr.  John  A.  Paterson,  M.  A.,  President,  referred 
to  the  instrnmeDt,  and  claimed  for  the  Society  the  credit,  of  hav- 
ing members  sufficiently  skilled  in  optics  to  produce  a  combtna* 
tion  of  lenses  composed  of  one  kind  of  glass,  which  could  be 
used  for  telescopes,  microscopes  and  cameras,  greatly  cheapen- 
ing che  cost  end  reducing  the  size  of  these  instruments. 

In  the  address  of  1896  he  says:  "The  Collins  brothers  have 
proved  their  ability  in  the  figuring  and  polishing  of  parabolic 
mirrors  for  reflecting  telescopes,  and  recently  they  have  invented 
a  telescope  of  an  entirely  new  design,  which  will  attain  a  maxi- 
mum result  at  a  minimum  cost,  measuring  only  half  the  length 
of  the  ordinary  design,  bearing  at  the  same  time  the  same  mag- 
nifying power  and  possessing  the  virtue  of  achromatism  by  the 
use  of  two  lenses,  both  of  crown  glass.  By  changing  the  rela- 
tive position  of  the  chief  lenses  the  achromatism  can  be  under- 
corrected  or  over-corrected.  A  short  achromatic  telescope  with 
two  lenses  of  the  same  material  sounds  like  an  impossibility. 

In  the  address  of  1897  he  says:  "Two  of  our  most  earnest 
members,  the  Collins  Bros.,  are  still  developing  their  new  Mono- 
plane achromatic  telescope.  It  is  one  of  eight  inches  aperture, 
having  a  new  form  of  objective  of  one  kind  of  glass.  Mounted 
equatorially  it  delivers  an  image  of  a  celestial  object  in  firont  of 
the  eye-piece  in  dimensions  equivalent  to  a  focal  length  of  forty 
feet,  although  the  extreme  length  of  the  instrument  complete  is 
but  four  feet.  It  is  able  to  correct  for  spherical  aberration  as 
well  as  chromatism  and  also  for  the  "Schaeberle"  aberration 
that  must  necessarily  exist  in  the  ordinary  refractor  of  great  an- 
gular aperture.  Dr.  H.  C,  Vogel,  of  the  Astrophysical  Observa- 
tory, Potsdam,  after  a  mathematical  analysis  of  the  correction 
for  achromatism,  says:  "A  workable  objective  is  now  shown 
which,  as  the  reasoning  proves,  unites  in  an  excellent  manner  the 
rays  from  red  to  violet,  better  indeed  than  is  the  case  with  an  ob- 
jective of  the  usual  construction  "  It  may  be  added  that  the 
same  principle  may  be  applied  to  the  microscope. 

It  may  be  added  that  upon  this  subject  the  Society  is  prepar- 
ing a  special  report,  which  will  include  copies  of  the  correspond- 
ence which  passed  between  the  Society  and  the  authorities  re- 
ferred to. 

In  justice  to  the  Messrs.  Collins,  I  am  to  ask  you  to  be  so  good 
as  to  find  room  in  your  valuable  paper  for  this  communication. 
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THE  PLANET  JUPITER.* 

Q.  W.  HOUGH, 

1.  The  surface  density  of  the  planet  Jupiter  is  presumably  less 
than  one-half  that  of  water.  The  experiments  made  during  the 
pest  twenty-five  years  in  the  liquefaction  of  air  and  ;;ases  enable 
US  to  imagine  a  plastic  medium  of  the  probable  density  of  the 
planet. 

If,  then,  the  objects  we  observe  are  located  at  different  levels  in 
this  medium,  it  would  enable  us  to  understand  better  why  spots 
in  the  same  latitude  give  different  rotation  periods. 

2.  The  great  Red  Spot,  27,000  miles  long,  8,000  miles  wide, 
and  possibly  as  deep  as  it  is  wide,  drifts  in  both  longitude  and 
latitude. 

It  is  the  most  stable  of  any  marking  seen  on  the  disk.  Its  Tisi< 
bility  may  depend  on  its  greater  or  less  submergence  beneath  the 
surface,  and  its  rate  of  drift  (rotation  period)  may  also  be  due  to 
the  same  cause. 

3.  The  rotation  of  the  whole  surface  of  the  planet,  on  which 
spots  or  markings  have  been  observed,  is  performed  in  9"  55"  to 
66".  The  true  rotation  of  the  planet,  however,  may  be  slower 
than  the  longest  rotation  period  hitherto  observed,  in  which  case 
all  objects  would  drift  in  the  same  direction.  My  observations 
during  the  past  twenty  years  extend  from  +  37°  to  —  38*  of 
jovicentric  latitude.  Very  few  rotation  periods  have  ever  been 
determined  outside  these  limits. 

4.  The  rotation  period  is  not  constant  for  any  latitude,  but 
nsufUly  varies  with  the  time." 

5.  There  is  apparently  no  direct  connection  between  latitude 
and  rotation  period,  as  is  sometimes  alleged.! 

6.  The  rotation  periods  determined  from  spots  or  markings 
lying  in  the  same  latitude  and  at  the  same  opposition  may  differ 
inter  se  30  seconds  or  more.  Hence  the  conclusions  deduced  by 
some  observers  for  various  permanent  currents  on  the  surface  of 
the  planet  are  based  on  insufficient  data. 

7.  In  the  equatorial  region  from  +  11°  to  — 8°  of  jovicentric 

*  Vide  AitronomiBcfae  Nacfaricbten,  3354. 

t  Vide  Popular  Astronomj,  February  1899,  Table  of  Rotation  Feriodti. 

*  Tbia  brief  article  containa  tbe  concIusioiiB  of  a  paper  poblished  In  tbe  Maj 
number  of  tbe  Montbty  Notea  of  tbe  Royal  Astronomeal  Societj  bj  Professor 
G.  W.  Honftb,  Director  of  tbe  Dearborn  Obserratorj  of  tbe  Nortbwestern  Utii- 
venity,  Bvaiutoii,  III. 
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latitude  is  found  a  rotation  period  9**  50*°  ±,  and  this  shorter 
period  may  posaiblj  extend  to  20"^  of  latitude. 

8.  The  periods  9''  56"  +  and  9"  50"  ±  are  found  in  the  same 
latitude,  and  probably  at  the  same  time. 

9.  It  seems  to  me  that  the  complicated  motions  observed  on 
the  surface  of  the  planet  are  best  explained  by  assnminf;  the  ex- 
istence of  a  number  of  layers,  or  strata,  at  different  depths  below 
the  surface,  in  which  are  located  the  objects  tinder  observation. 

Monthly  Notices,  May,  1900. 


Revised  LUt  of  Stare  with  AatKiMl  Motion  of  1" 


NAME  OP  STAR. 


R.  A.  1900.    DECL.  1900.  MOTION 


Cordoba  Z.  5",  243 

Groombridge  1830 

Lacaille  935^ 

Argentine  G.  C.  32416... 


61  Cygni,  fol 

I^lande  aiiS$ 

tindi 

I^lande  31238 

40  Eridani 

ft  Cassiopeiae 

Weiss'  Argel.  11702 

a  CeiiUun,  mean 

Weiss'  AfRel.  11703 .. 

Lacaille  8760 

Lacaille  to6o 
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OBITUARY  NOTICE. 

RALPH  COPBLAND. 

Charles  Piazzi  Smytb  was  born  at  Naples  on  3  January  1819. 
His  father  was  the  well-known  Admiral  W.  H.  Smytb,  whose 
numerous  works  on  astronomy,  written  in  a  genial  and  popular 
style,  has  done  so  much  to  spread  the  love  of  astronomy  in  the 
British  Islands.  Doubtless  the  father's  great  personal  regard 
for  the  venerable  Italian  astronomer  Piazzi,  then  at  Maples,  led 
to  the  choice  of  the  christian  name  by  which  his  sou  was  eventu- 
ally so  well  known  in  the  astronomical  world.  Educated  at 
Bedford  Grammar  School,  Piazzi  Smyth  was  appointed  assistant 
at  the  Cape  Observatory  in  1835  under  Maclear.  He  assisted 
Mactear  in  the  observation  of  Halley's  comet  and  more  particu- 
larly in  making  the  typical  drawings  published  in  vol.  X  of  the 
R.  A.  S.  Memoirs.  Seven  years  later  he  observed  the  Great 
Comet  of  1843,  of  which  he  made  a  fine  series  of  observations  ex- 
tending from  March  5  to  April  lU,  despite  the  imperfect  char- 
acter of  the  available  instruments,  the  best  of  which  seems  to 
have  been  a  portable  equatorial  of  3>^  inches  aperture.  The  gen- 
eral appearance  of  this  great  comet  he  preserved  in  a  striking  oil- 
painting  which  ofien  called  forth  the  admiration  of  astronomical 
friends  in  after  years.  Besides  taking  part  in  the  regular  work 
of  the  observatory  he  shared  in  the  verification  and  extension  of 
Lacaille's  arc  of  meridian.  The  triangulation,  in  particular,  in- 
volved much  exposure  notably  in  the  winter  of  1845  when  he  oc- 
cupied the  station  of  Sneeuw  Kop  at  an  elevation  of  5070  feet 
above  the  sea.  This  was  the  last  of  bis  South  African  work,  as 
he  left  the  Cape  shortly  afterwards  on  his  appointment  to  suc- 
ceed Henderson  as  Astronomer  Royal  for  Scotland  and  Professor 
of  Practical  Astronomy  in  the  University  of  Edinburgh.  He  car- 
ried with  him  the  best  wishes  of  Maclear,  who  speaks  of  him  as 
"experienced  in  the  details  of  meridian  work,  and  unflinching  in 
hardships"  and  adds  that  "he  had  a  happy  talent,  with  the  as- 
sistance of  bis  pencil,  in  conciliating  the  inhabitants,  .  .  .  and  his 
robust  constitution  fitted  him  for  taking  an  active  share  in  the 
triangulation." 

On  arriving  in  Edinburgh  Piazzi  Smyth  loyally  determined  to 
complete  the  reduction  of  the  meridian  observations  made  by 
Henderson.  This  work  was  carried  out  in  conjunction  with  Mr. 
Alexander  Wallace,  who  most  efficiently  filled  the  post  of  assist- 
ant from  the  time  of  Henderson's  appointment  in  1834  until  the 
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end  of  1880.  In  tbe  course  of  bis  own  work  Ptazzi  Smyth 
greatly  extended  the  ioTestigatiooa  regarding  the  want  of  stabil- 
ity shown  by  the  Transit  Instrument,  a  defect  which  be  event- 
aalJy  in  great  part  remedied  by  discarding  tbe  movable  Ys  and 
their  adjusting  screws.  This  was  done  in  1848.  The  collected 
results  of  the  Edinburgh  meridional  observations  are  published  in 
vols.  XIV  and  XY  of  the  Edinb.  Astr.  Observations.  In  1851  he 
went  to  Norway  to  observe  the  eclipse  of  the  Sun  in  company 
with  Dr.  T.  R.  Robinson,  the  veteran  Armagh  astronomer.  At 
their  station  on  the  Island  of  Bue  near  Bergen,  the  actual  eclipse 
was  obscured  by  clouds  but  the  Professor,  thanks  to  his  skilful 
brush,  brought  home  most  successful  sketches  of  the  wonderful 
atmospheric  coloring  incidental  to  a  solar  eclipse.  In  1856  he 
married  Miss  Jessie  Duncan  and  in  company  with  her  sailed  for 
Teneriffe  in  Mr.  Robert  Stephenson's  yacht  "  Titania  "  on  the  ex- 
pedition which  gave  so  great  an  impetas  to  Mountain  Astron- 
omy. The  scientific  results  of  the  mission  are  published  in  the 
Phil.  Trans,  lor  1858,  and  more  folly  in  Edinburgh  Observations 
vol.  XII,  while  their  personal  experiences  in  scaling  the  peak,  and 
the  circumstances  of  summer  and  autumn  life  at  elevations  of 
9000  to  11000  feet  above  the  sea  are  charmingly  set  forth  in 
"Teneriffe,  an  Astronomer's  Experiment",  one  of  the  few  books 
illustrated  with  Photo-stereographs.  Two  further  volumes  en- 
titled "Three  Cities  in  Russia"  are  the  outcome  of  another  jour- 
ney undertaken  in  1859  to  St.  Petersburg,  Moscow  and 
Novgorod.  The  astronomical  interest  of  this  work  centres  in 
the  account  of  Pulcova  observatory  and  the  circle  of  distin- 
guished astronomers  assembled  there  around  the  elder  Struve. 

In  1864  he  published  a  volume  entitled  "Our  inheritance  in  the 
Great  Pyramid"  in  which  he  adopted  and  expanded  certain  ec- 
centric ideas  according  to  which  this  particular  pyramid  was  the 
divinely  revealed  and  universal  standard  of  measure.  The  earlier 
part  of  the  following  year  was  spent  in  making  an  elaborate  sur- 
vey of  the  passages  and  chambers  of  the  Great  Pyramid  together 
with  determinations  of  their  orientation.  The  details  of  this  un- 
dertaking are  given  in  Bdinb.  Observations  vol.  XII  and  also  in 
the  three  volumes  of  "Life  and  Work  at  the  Great  Pyramid." 
Another  volume,  "On  the  Antiquity  of  Intellectual  Man,"  Edin- 
burgh, 1868,  also  bears  on  the  hypotheses  connected  with  the 
great  pyramid.  In  recognition  of  the  great  pains  and  skill  dis- 
played in  this  work  he  was  awarded  the  Keith  Prize  of  the  Royal 
Society  of  Edinburgh.  The  Professor's  scientific  friends  would 
have  been  pleased  had  be  contented  himself  with  a  strictly  scien- 
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tific  treatment  of  the  orientation  of  the  pyramid  and  its  passages, 
but  the  mystical  hypotheses  which  he  associated  with  the  Great 
Pyramid  kd  to  discussions  and  controversies  that  culminated  in 
Piazzi  Smyth's  withdrawal  from  the  Royal  Society  of  London  in 
1874. 

At  this  period  Spectroscopy  attracted  his  attention  and  with 
his  usual  energy  he  devoted  himself  to  the  study  of  the  Solar 
spectrum,  the  Spectra  of  luminous  gasses,  of  the  Aurora  and  of 
the  Zodiacal  light.  He  was  the  first  to  thoroughly  map  the 
absorption  lines  due  to  atmospheric  vapour,  and  to  advocate 
their  observation  as  a  meteorological  phenomenon.  He  did 
much  to  advance  the  "end-on  method  "  in  dealing  with  faintly 
luminous  media,  and  laboratory  spectroscopy  in  general  owes 
much  to  his  numerous  papers  on  the  subject,  which  were  invari- 
ably written  in  the  attractive  style  so  peculiarly  his  own.  Of 
special  importance  was  the  discovery  of  the  rythmical  relation 
between  the  chief  lines  of  Carbonic  Oxide  gas,  a  discovery  in 
which  he  was  associated  with  Prof  Alexander  Herschel.  In  fur- 
therance of  his  spectroscopic  studies  he  paid  long  visits  to 
Winchester,  to  Portugal  and  to  Madeira,  accompanied,  as  in 
all  his  journeys,  by  Mrs.  Smyth  who  most  devotedly  assisted  him 
in  all  his  researches.  The  chief  results  of  these  studies  are  con- 
tained in  the  following  papers:  "End-on  illumination  in  private 
spectroscopy ;"  "The  Solar  spectrum  in  1877-1878,"  for  which 
he  received  the  Makdougall-Brisbane  prize  of  the  Edinburgh 
Royal  Society;  "Carbon  and  Carbo  Hydrogen,  spectroscoped 
and  spectrometed  in  1879,"  all  three  published  in  1879;  "  Madeira 
Spectroscopic,"  1882;  "The  Visual  (Grating  and  Glass  Lens) 
Solar  Spectrum  in  1884,"  1886;  and  "  Microraetrical  Measures 
of  Gaseous  Spectra  under  High  Dispersions,"  1886. 

With  a  view  to  facilitating  telescopic  observations  at  sea  Prof. 
Smyth  devoted  much  time  and  expense  to  the  construction  of  a 
"  Free  Revolver  Stand  "  on  the  principle  of  the  gyroscope.  This 
contrivance  was  tried  on  the  voyage  toTeneriffe  with  a  consider^ 
able  measure  of  success,  though  the  smallness  of  the  yacht  tested 
to  the  utmost  the  steadying  power  of  the  apparatus.  Unfor- 
tunately  an  accident  to  the  mechanism  put  a  stop  to  this 
promising  experiment,  which  seems  never  to  have  been  repeated 
at  sea.  Another  of  his  inventions  was  a  Distance- measurer  of 
which  the  particulars  will  be  found  in  the  account  of  his  journey 
to  Russia.  In  1852  Piazzi  Smyth  organised  a  system  of  exact 
time-signalling  by  means  of  a  time-ball,  followed  in  1861  by  the 
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time-gun  and  sympathetic  clocks  in  Edinburgh  and  afterwards  in 
Dundee,  which  is  still  in  operation.  He  gave  much  attention  to 
the  leduction  of  the  temperatures  shown  by  the  deep-soil  ther- 
mometers established  on  Calton  Hill  in  1837,  and  their  compari- 
son with  the  sunspot  period  and  the  mean  temperature  of 
Scotland.  The  results  are  depicted  in  the  admirable  graphic  dia- 
grams which  form  so  conspicuous  a  feature  of  much  of  his  work. 
Evidences  of  bis  artistic  genius  will  be  found  in  many  of  the  vig- 
nettes on  the  title  pages  of  the  Edinb.  Observations  as  well  as  in 
the  illustrations  of  several  of  his  popular  books.  He  was  also  a 
skillful  experimenter  in  all  that  concerned  photographic  methods 
from  a  relatively  early  date. 

In  1888  he  resigned  the  Directorship  of  the  Observatory 
together  with  the  Professorship  in  the  University,  which  he  had 
held  for  43  years,  and  retired  to  Clova  near  Ripon  in  Yorkshire. 
With  unflagging  zeal  he  there  continued  bis  researches  on  the 
solar  spectrum  of  which  he  made  a  large  photographic  chart 
with  the  aid  of  a  Rowland  grating.  In  1895  he  bad  the  great 
misfortune  to  lose  his  wife,  who  for  nearly  forty  years  had  been 
his  faithful  and  untiring  assistant  in  all  his  work.  After  Mrs. 
Smyth's  death  the  Professor  led  even  a  more  secluded  life  than 
before,  though  it  is  certain  that  he  still  busied  himself  with  his 
favourite  problems.  He  died  on  February  21, 1900  at  Clova, 
where  he  as  well  as  Mrs.  Smyth  are  buried. 

Though  Piazzi  Smyth  is  most  widely  known  throughout  the 
world  by  the  mystical  significance  which  he  attributed  to  the 
Great  Pyramid,  his  labours  in  sidereal  astronomy,  in  mountain 
astronomy,  in  meteorology  and  especially  in  spectroscopy  entitle 
him  to  a  high  place  amongst  the  scientific  worthies  of  the  nine- 
teenth century.  To  those  who  had  the  good  fortune  to  know 
him  personally  he  will  ever  be  remembered  as  the  most  genial  of 
hosts,  ever  ready  to  demonstrate  the  latest  improvements  of  the 
always  ingenious  apparatus  with  which  he  chanced  to  be  occu- 
pied at  the  time. 

He  was  a  corresponding  member  of  the  Academies  of  Munich  and 
Palermo,  and  received  the  honorary  d^ree  of  L  L,  D.  from  the 
University  of  Edinburgh.  He  was  one  of  the  oldest  fellows  of  the 
Royal  Astronomical  Society  having  been  elected  as  far  back  as 
1846. 

AsTRONOMiscHE  Machrichtbn,  Royal  Observatory,  Edinburgh, 
April,  1900. 
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SPECTROSCOPIC  NOTES, 

In  the  Astrophyakitl  Journal  tor  Jane  Prof.  Vogel  doKribes  the  large  spectro- 
ffrapb  bailt  for  use  with  the  new  33-inch  photographic  refractor  of  the  Potsdam 
Obserratory.  The  collimator  objective  has  a  focal  length  of  48  centimeters  (19 
inchea)  and  an  apertnre  of  3  cm.  (1.2  in.).  The  camera  objective  has  a  focal 
length  of  56  cm.  (22  in.)  and  an  aperture  of  4cm.  (1.6  in.);  this  maj  however  be 
replaced  for  certain  purposes  by  a  cemented  triple  objective  with  a  focal  length  of 
41  cm.  (16  in,)  and  the  same  aperture.  The  three  nmple  prisms  by  Steinheil  are 
of  J«na  glass  which  baa  a  relractive  index  oll.67  for  thtHyMneia  the  violet, and 
which  is  Tcry  white.  The  reAncting  angle  of  the  prisma  is  Q3.°5,  their  height  4,0 
cm.  (1.6  in.). and  the  lengths  of  their  refracting  faces  respectively  6.0cm.  (2.4  in.), 
6.5  cm.,  and  7.0  cm.  The  whole  is  specially  deugned  to  prevent  flexure  in  the 
parts.    On  trial  the  instrument  has  given  gratifying  results. 

Prof.  Vogel  also  coDtribntes  to  the  same  number  a  very  readable  sniiimary  of 
the  progress  made  in  the  last  decade  in  the  determination  of  stellar  motions  in 
the  line  of  sight  1  a  branch  of  spectroscopicscience  to  whicb  the  aforesaid  instru- 
ment will  doubtless  soon  be  making  notable  contribntions. 


In  his  Report  to  the  Board  of  Visitors  to  the  Greenwich  Observatory  the 
Astronomer  Royal  states  (Observatory,  laly)  that  the  28-inch  telescope  has  been 
used  to  examine  Capella  in  accordance  with  Mr.  Hcwall's  snggestioD  that  this 
spectroscopic  binary  might  possibly  be  seen  viinally  as  a  double  star.  An  elonga- 
tion was  detected  by  several  observers,  and  the  position  angle  of  this  elongation 
varied  consistently  with  the  period  of  104  days  of  the  revolution  of  the  spectro- 
scopic components.  This,  it  will  be  noticed,  is  abont  one  fortieth  of  the  period  of 
the  most  rapid  known  visual  binary. 


The  will  of  Prof.  Piazzi  Smyth  makes  provision  for  the  publication  of  his 
•pectroacopic  manntcripts,  and  also  for  the  assistance  or  promotion  every  ten  or 
twenty  years  of  an  exceptional  expedition  for  the  study  of  some  particular  braocb 
of  astronomical  spectroscopy  at  mountain  elevations  of  not  less  than  6,000  feet. 

An  extended  description  of  Prof.  Smyth's  spectroscopic  work  is  contributed 
to  Nature  of  June  14  by  Prof.  A.  S.  Herschel. 


Among  this  year's  Birthday  honors  is  the  promotion  to  K.  C.  B.  of  Eh*.  Gill, 
under  whose  very  energetic  directorship  of  the  Observatory  of  the  Cape  of  Good 
Hope  important  spectroscopic  researches  have  recently  been  added  to  the  other 
work  of  the  Observatory. 


The  detailed  spectroscopic  measures  have  appeared  from  which  Herr  Belopol- 
■ky  has  been  able  to  decide  in  favor  of  the  short  period  of  the  rotation  of  Venus, 
(AstroBotniscbe  Nacbriebtea,  No.  3641 ;  Nature,  JurK  14).  The  photographs  ol 
the  spectrum  cover  a  period  of  time  from  the  end  of  March  to  the  middle  of  May, 
during  which  the  planet  was  near  greatest  eastern  elongation.  The  values  ob- 
tained vary  from  0.7  to  0.3  kilometers  per  second  corresponding  to  values  of  the 
rotation  period  of  16  to  37  hours.  The  observations,  while  failing  on  account  of 
the  smallnesi  of  the  quantity  measured  to  fix  the  period  of  rotation  closely,  seem 
conclusive  in  showing  that  the  real  period  of  rotation  is  of  the  order  of  34  hours. 


.y  Google 


spectroscopic  Notes. 


If  the  report  in  Science  it  complete  it  woold  seem  that  the  vice-preaident  of 
section  A  of  tbe  American  Aaaociation  for  the  Advancement  of  Science  at  the  New 
York  merting  in  hia  address  on  the  snbject  of  the  teaching  of  astronomy  in  the 
United  States  did  not  so  much  as  allade  to  the  opportunities,  difficnlties,  and  pro- 
gress of  the  teaching  of  spectroscopic  astronomy. 


Sir  Norman  Lockyer's  study  of  tbe  spectrum  of  a  Aquilae  (Proceedings  of  tbe 
Soyal  Society,  No.  427)  leads  him  to  adopt  the  suggestion,  originally  offered  by 
Prol.  Pickering  and  later  accepted  by  Prof.  Vogel,  that  the  haziness  of  the  lines  of 
the  spectrum  ii  the  resnit  of  the  star's  rapid  rotation.  Using  Prof.  Scfaeiner's  de- 
vice of  comparing  nith  the  spectmm  of  the  sun  or  another  star  ont  of  focus  he 
finds  that  tbe  spectrum  of  a  Aquilae  is  much  more  like  that  of  fi  Arietis  and  the 
Sirian  stars  than  tike  that  ot  a  Cygni,  with  which  Prof.  Vogel  originally  dasai- 
fled  it.  He  finds  alio  that  instead  of  Prof.  Vogel's  IT  tniles  per  second  the  width 
of  the  lines  is  snch  as  to  rf  quire  a  velocity  of  more  than  40  miles  per  second  of 
rotation. 


The  new  star  in  Aqaila  recently  discovered  by  Mrs.  Fleming  from  an  examin- 
ation of  the  Harvard  platea  follows  the  example  of  previous  new  atara  in  giving 
after  its  decline  frnm  maximum  the  spectrum  of  a  planetary  nebula. 


In  the  AatTOpbysical  Journal  for  June  Mr.  Wright  gives  measures  of  photo- 
graphs of  the  spectrum  of  <  Leonis  taken  nith  the  Mills  spectrograph  of  the  Lick 
Observatory  which  do  not  confirm  the  variability  of  the  velocity  in  the  line  of 
sight  of  that  star  announced  by  Mr.  Adams  from  observations  at  the  Yerkes  Ob- 
servatory. 


The  explanation  of  the  continuous  spectrum  of  the  corona  is  the  subject  of  an 
interesting  communication  of  Prot.  Scheiner  to  Astronontiache  Nachricbten  No. 
3647.  In  the  continuons  i>pectrnm  which  the  corona  shows  in  addition  to  the 
bright  line  spectrum  the  dark  lines  are  very  weak.  Consequently  this  part  of  the 
corona's  light  cannot  be  simply  reflected  sunlight,  but  must  be  largely  light 
whose  sonrce  is  incandescent  matter  in  the  solid  or  liq-aid  state.  Such  matter  is 
found  in  the  meteors  which  are  nndoubtedty  present  in  great  numbers  near  the 
sun's  surface.  If  these,  instead  of  simply  reflecting  the  sun's  light,  arc  themselves 
the  source  of  a  luminous  radiation  which  constitutes  part  of  the  light  of  the  sun's 
corona,  tbe  necessary  high  temperature  of  the  meteors  must  be  explained.  That 
the  meteors  are  raised  to  a  temperature  of  incandescence  by  friction  in  a  rare 
medium,  like  the  shooting  stars  of  tbe  earth's  atmosphere,  or  by  collisions,  is  im- 
probable. Prof.  Scheiner  suggests,  bo  wever,  that  direct  radiation  may  be  suffi- 
cient. The  amount  of  heat  received  by  a  body  so  close  to  tbe  sun  would  be  very 
great ;  hat  oo  the  contrary  the  radiation  firom  a  meteor,  with  no  atmosphere  to 
retain  the  heat,  would  be  very  free.  Prof.  Scheiner's  conclusion  is,  from  the 
rather  meagre  data  available,  that  a  meteor  at  a  distance  from  the  sun's  surface 
eqnal  to  tbe  sun's  radius  would  reach  a  temperature  of  incandescence. 
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PLANBT  NOTES  FOR  AUGUST  AND  SEPTEMBER. 

H.  C.  WILSON. 

Mercarj  will  be  momiax  ttar  during  Augnit,  reaching  greatest  nestero  elon- 
gation, 1S°  ZV  from  the  Sun,  Aag.  19.  The  planet  may  then  be  teen  a  little 
north  of  east,  abont  an  hour  before  annriae.    On  Sept.  13,  Mercury  will  be  at 


The  Constellatiohs  at  9  p.  u.,  Septembeb  1,  IdOO. 


■nperior  conjunction,  lo  that  during  that  month  the  planet  will  be  inviaibte  to 
tbe  eye. 
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Veaaa  is  the  splendid  morning  star  which  one  mm  dow,  a  little  north  of  east, 
about  three  o'clock.  She  attaint  her  greatest  hrillianc;  on  tbe  mominK  of  Ang. 
14,  and  will  continnc  to  \it  the  brightest  "star  in  the  cast"  for  months  to  come. 
Tenns  and  the  Moon  will  be  in  coojanction  on  tbe  mornings  of  Aug.  21  and  Sept. 
19.    On  Sept.  IT  she  reaches  greatest  elongation  west  from  tbe  San,  46°  3'. 

JUars  is  now  between  tbe  boms  of  Tanrui  and  will  move  eastward  thron^h 
Gemini  into  Cancer  dnring  these  two  months.  This  planet  can  be  ubserTed  only 
in  the  momin£  hours.  Mars  and  the  Moon  will  be  in  conjanction  Aug,  20  and 
Sept.  16. 

/npiteriaeveningstar,  seen  toward  the  southwest  in  Scorpio.  In  September 
Tupiter  will  be  too  far  west  for  observBtioo  except  in  tbe  early  twilight.  Ja[MteT 
and  the  Moon  will  be  in  conjunction  Sept.  1  and  29.  Tbe  planet  will  be  at  qnad' 
rature  Aug.  25. 

Satnro  crossea  the  meridian  now  at  aboat9  o'clock  and  toward  theend  of 
September  at  a  little  after  6  o'clock  F.  M.  It  is  the  bright  golden-colored  star 
which  yon  see  in  the  Milky  Way  toward  the  south  in  the  ereniog.  Saturn  will  be 
at  quadrature  Sept.  21  and  in  conjunction  with  ttie  Moon  Sept.  3  and  30. 

OrADua  will  be  at  quadrature  Sept.  1,  and  in  conjanction  with  tbe  Moon 
Sept.  2  and  29.  This  planet,  just  below  the  limit  of  vision  with  the  nnaided  eye 
in  brightness,  is  among  the  stars  in  Scorpio  sontheast  from  Japiter,  and  may  be 
recognized  when  found  by  its  dull  greenish  disc. 

Neptaoe  may  be  found  in  the  morning,  between  3"  and  i"  west  from  the  star 
9  Gemmomm.    It  is  not  in  convenient  position  for  observation. 


The  Moon. 


oca]  Tttnc  13tn  less.) 


Ang.    21  New  Moon 5  01  a.  U. 

Sept.     2  First  Qaarter 2  00  p.  m. 

8  Full  Moon 6  01    " 

15  Last  Quarter 10  48    " 

23  New  Moon 5  56  a.  h. 


OccaltatioDB  Visible  at  WMhlnston. 

IMMERSION. 

B.MBR8ION. 

Date. 

9l«r'i 

Magtil.    WHihlBK- 

■^ru. 

Waiblog- 

Anirle 

Dnn. 

tnde.      tonn-T.    1 

f'mNpt 

.     tlon. 

Aug.     26 

e  Leonis 

5.3          6    18 

142 

7     11 

262 

0    63 

Sept.    12 

7  Arietis 

6.7          7    10 

43 

7    49 

286 

0    39 

12 

p'  Arietis 

7.0          9    08 

64 

10    01 

260 

0    63 

12 

p"  Arietis 

6  0          9    57 

26 

10    37 

296 

0    40 

12 

60  Arietis 

6.S        12    13 

132 

12    44 

186 

0    31 

12 

64  Arietis 

6  3        16    00 

75 

17    21 

266 

1    21 

13 

B.A.C.  1242 

6.3        12    16 

153 

13    29 

176 

0    13 

14 

iTanri 

6  0        13    2K 

56 

14    32 

288 

1    04 

27 

» 'Librae 

5.0          6    54 

69 

7    56 

300 

1    02 
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Tbe  Satellites  of  Batnm. 


APPAHENT  Ok  BITS  O 


I.    MIMAS. 
Period  0"  22.6" 


s  Seven  Inner  Satellites  of  Satiirn,  at  Opposition 

AS  SEEK   IN   AN    INVERTING  TELESCOPE. 

II.    ENCELADCS.  III.    TETHVS. 

Period  1"  08.9"  Period  l'  21.3" 


Aag.  21      10.6  p.  » 


Aug.  21         9.4.  r 


2fi 

12  1    A 

■/7 

9.0 

VH 

5.9  p 

30 

2.7  A 

HI 

11.6 

1 

S5  p 

1.9   A. 

10.7     '■ 
7.6  P.M. 


E      Aug.  22        9  2  A.  M 


E      Sept.    2        5.0 
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IV 

DIONB. 

V 

RHEA. 

VI. 

TITAN. 

Period  2'  17.7" 

Period  4'  12.6" 

Period  15'<  23.3" 

Aog.  22 

r>.i  &.  u. 

E 

Aag.  21 

10.4  P.M. 

B 

Aug.  23 

11.7  A.  M. 

W 

24 

10.8  p.  M. 

E 

26 

10.8  A.  u. 

B 

27 

9.7     ■' 

s 

27 

4.5     ■' 

E 

30 

11.2  P.M. 

E 

31 

7.6     *' 

E 

30 

10.2  A.  M. 

B 

Sept.    4 

11.6   A.M- 

E 

Sept.    1 

8.8     " 

I 

Sept.    2 

3.9     " 

E 

9 

12.1      '■ 

E 

8 

10.6     " 

W 

4 

9.6  p.  M. 

E 

13 

12.5  p.  u. 

E 

12 

8.7     " 

s 

7 

3.3      ■' 

E 

18 

1  .0  A.  M. 

E 

16 

6.6      ■' 

B 

-     10 

9.0  A.  M. 

E 

22 

1.5  P.M. 

E 

20 

79     " 

I 

13 

2.7   A.  M. 

E 

27 

2.0  A.  M. 

E 

24 

9.7      " 

W 

15 

6.4  p.  M. 

e 

28 

8.0     " 

s 

18 

2,1      •• 

B 

VIII. 

IAPETU3. 

21 
24 

7.8   A.  M. 

1.5      ■■ 

E 
E 

Period  79'  22.1" 

26 

7.2  p.  M. 

E 

a 

29 

1.0     " 

E 

AuR- 

10.9 

E 

VII. 

HYPERION 

Sept. 

30.1 
19.7 

I 
W 

Period  ai-  1.6'' 

Oct. 

10.4 

s 

Aug. 

22.2 
28  2 

W 

S 

Sept. 

24 
7.1 
12.6 

E 

W 

18.5 

S 

23  7 

E 

28.5 

I 

Pbenomena  of  Jupiter'*  Satellites. 

Central  Standard  Time. 


Sept.   1       8    49 


II  Tr.  In. 

1  Oc.  Dia. 

Ill  Oc.  Dia. 

I  Tr.  Eg. 

I  Sb.  Eg. 

II  Be.  Re. 

I  Oc.  Dia. 

I  Tr.In. 

I  Sh.  In. 

I  Tr.  E«. 

I  Ec.  Re. 

II  Oc.  Re. 

II  Ec.  Dia. 

Ill  Sh.Eg. 

I  Tr.In. 


Note.— Id,  denote*  ingress;  Eg.,  cure 
ance;'.;Ec.,  Eclip*e;lOc.,  occnltatlon;  Tr., 
tbe  shadow . 


10      6    55  P.  u 


I 

Tr 

1 

Sh 

ir 

Sh 

11 

'IV 

tii 

Ko 

I 

Tr 

1 

Sh 

Tr 

Tr 

I 

He 

II 

he 

III 

Oc 
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Variable  Stars. 


VARIABLE  STARS. 


J.  A.  PARKHUR8T. 


\  and  Minima  of  L,ong  P«rlod  Vcu-iables. 

1900  October  and  NoTCmber. 


ST  CjKni 
WR  Htdme 
RR  Vifginis 

SSCy^ni 
U  Andromedae 
T  Capricomi 
RT  Cypii 

V  Capncomi 
T  Sagittarii 
RR  Aquilae 
R  Ptacinm 

R  Pitcii  Anit. 
R  Scalptorii 

V  Bootia 

V  Coronac 
T  Ophiacbi 


R  Dracooia 
R  Microscoini 
V  Caariopeac 
U  Librae 
W  Aqnarii 

—  Aqnarii 

R  Cameiopardalia 
XScoriHi 
U  f^tcinm 
8  Sagittarii 
R  DeTphiDi 

—  Pegaai 
RV  Sagittant 


MAXIMA,  Con't. 

MINIMA. 

Nov. 

S  PjiidU 

2 

UCeti 

Z  Aquilae 

3 

T  Sagittae 

SCyRoi 

3 

R  ViTginia 

R  Andromedae 

5 

RB  Cygni 

RS  Herculia 

8 

R  Sagittarii 

T  Aqaarii 

10 

RLeoaia 

S  Colambae 

10 

RCeti 

T  Hydrae 

10 

U  Virginia 

VLttbc 

15 

T  Canum  Yen. 

R  Pegaai 

15 

R  Valpecolee 

W  MontMerotia 

19 

S  Coronac 

S  Scnlptoria 

19 

R  Arieda 

20 

T  Librae 

W  Aqoilae 

22 

SCaulttDia. 

UCancri 

23 

V  Cancri 

T  Uraae  Mej. 

24 

S  Piacium 

WCeti 

26 

V  Anrigac 

VCypil 
V  Ophiucbi 

26 
26 

VTann 

V  Geminomm 

Y  Capricorni 

28 

S  Gemioorom 

TSagittae 

28 

T  Hercolia 

U  Capricorni 

30 

S  Caadopeae 

NOTES  TO  THE  EPHEMERIS. 
LONG  PERIODS. 

STCVGNl—Tbt  masimam  calculated  for  Oct.  1,  needa  cooaiderabte  correc- 
rection.  Tbeatar  naa  fading  towards  minimnintlie  latter  part  of  July,  and  will 
pBM  the  mittimnm  probably  ia  NoTeinber.  The  discrepancy  secnii  to  have  arisen 
from  the  assnmptioD  of  4  iaatead  of  S  periods  as  having  elapsed  between  the 
maxima  of  1893  and  1898. 

— .lJ2[/>4j;f/— Meiimnm.    Oct.  26.    The  place  of  this  star  for  1SS5  ia,  R.  A. 
21'  7"  28',  l>ec.  3°  29. '6,  according  to  Dr.  Hartwig. 

— P&C/iSr—Maiimnm  Oct.  30.    The  place  of  this  star  for  1855  is  R.  A.  21' 
14-  8',  Dec.  +  13°  50'.3. 

FAWT  UISIUA—Tbcce  of  the  stars  in  the  above  list  have  been  fonnd  very 
faiat  at  minima.  T  Librae  was  <16th  magnilnde  in  April,  V  Lyrae  <16th 
magnitude  in  May,  and  S  Cygni  <16th  magnitude  in  Jnly. 
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Minima  of  the  Variable  Stars  of  the  Algol  Type. 

(OlTcn  to  the  numt  honr  in  Onenwlcb  Time.) 
1900. 

U  CEPHEI.  X  TAURI.  S  CANCRI .  W.  DELPHINI. 


3       16 


Sept. 


S4       Sept. 


11       Sept. 


20 


U  OPHIUCHI. 

15         7 

P  =  0*  20.1". 

Y  CYGNI. 

30       13 

Oct.       31       13 

2P  =  2*  23.9". 

Odd  mln. 

R  CANIS  MAJ. 
P  =  1*  3.3"'. 

Ang.       29        17 
Sept.      28       16 
Oct.        28       IS 

DM  +  46''3062. 


ALGOL-TYPE  STARS. 

Tbe  cpheinerit  for  V  Cygni  is  taken  from  Dno^r'B  lateat  elcmetits  in  No.  3638 
of  the  Nmcbriebten.  Tbe  rert  of  tbe  epbemerit,  botb  for  lonfc-perioda  and  Algol 
Stan,  is  taken  from  Dr.  Hartwig'a  paper  in  the  Kierte{(a&«ai;£riA,VoI.34,part  4. 

SEW  VAEIABLE  OP  TBB  SS  CYGNI  TYPE.—Dt.  Hartwig  has  a  note  in  No. 
8662  of  the  Nmcbrkbtea  stating  that  Stanley  Witliams'  new  variabk  in  Cygnns, 
BD.  +  46"  39B6,  reaemblea  U  Geminornm  and  SS  Cygni  in  the  rapidity  of  its  riae 
to  maximnm.    Tbe  position  is 


R.  A.    20"      28-       9.7- 
29      38.0 


Dec.  ■ 


*3° 


Tbe  reage  of  variation  is  stated  by  Dr.  Hartwig  to  one  and  one-qnartet  mag- 
nitndea,  but  it  wat  estimated  a*  7.0  magnitude  by  Prof.  Kmeger  1857  June  19, 
and  haa  lately  been  aeen  not  mncb,  if  any,  brighter  than  tbe  10th  magnitude. 
Ita  period  is  stated  as  15.2  days,  and  :t  passed  a  maximum  abont  1900  Jnly  1. 
It  is  BO  near  a  Cygni  that  it  can  be  easily  located  without  circles.  See  alio  Nos. 
3629,  3632  and  3637,  of  the  Naebriebten. 
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COMET  NOTES. 

Sew  Comet  Borrellj- Brooks,  1900  b  (July  23)— A  new  comet  w«»  discoTered 
by  Prof.  W.  R.  Brooks  of  Rochester,  N.  Y.,  an  hour  after  midnight  Jnly  23  in  R. 
A.  2^  43™  40*  and  Dec.  -|-  1 2°  30'.  It  has  been  moving;  qnite  rapidly  aortfaward 
and  on  Ang.  3  was  in  the  conateltation  Perteos  in  R.  A.  2"  SS"  and  Dec.  -f-  ^^ 
30'.  Tbe  comet  is  quite  bright  but  not  viBible  to  the  naked  eye.  It  bas  a  stellar 
nnclens  of  about  the  10th  magnitude  and  a  tail  about  1°  in  length. 

A  telegram  received  Aug.  10  gives  the  following  proviwonal  elements  and 
ephemeris  computed  by  C.  D.  Perrine  of  tbe  Lick  Observatory  from  obaervations 
on  Jnly  26,  July  30,  and  Ang.  4. 

EiementB  by  Perriue. 

Tzz  Aug.  3.21 

«•=  12*^     27' 

fl  =  328          0 

i=  62          3 

g=  1.0148 

Ephemeris  for  GreenMrlch  Midnight. 

R.  A.  Dec.  Light. 

Aug.  10  3  16  16  +63  41   0.83 

14  3  34  44  +72  IT 

18  4  12  28  +79  11 

22  5  46  24  +84  11   0  43 

From  Asttottomiacbe  Nacbricbtea  No.  3653  we  learn  tbat  tbe  comet  was  dis- 
covered by  Borrelly  at  Marseilles,  at  12''  60™  Marseilles  time,  July  23,  so  tbat 
Borrelly  precedes  Brooks  by  about  5H  hours  m  tbe  discovery  of  tbe  comet, 

Pindlns  Ephemeris  for  Comet  1884 IV.  (B.  Swift)— In  a  aupplement 
to  Astr.  Nacb.  No.  3633  is  given  a  short  finding  ephemeris  far  the  faint  periodic 
comet  discovered  by  Edward  Swift  in  189^  lad  which  is  probably  identical  with 
the  lost  comet  of  De  Vico,  1644  I.  Tbe  ephemeris  was  computed  by  Mr.  Freder- 
ick H.  Scares,  now  in  Berlin.  The  calcnlated  light  of  tbe  comet  renders  tbe  search 
for  it  Ibis  year  almost  bopelcss,  since  it  was  seen  with  tbe  greatest  difficulty  in 
1894  and  tbe  computed  light  this  year  is  only  one  ninth  as  great  as  then. 
Bphem«risfor  Berlin  Mldniffht. 
1900  R.  A.  Dec.  log.  J    Aberration. 


15 

53  28 

-24  32  8 

0.2196 

14  46 

53  42 

24  30.7 

.2552 

14  58 

54  26 

24  30,2 

.2608 

15  10 

55  39 

24  30.8 

.2666 

IB  22 

57  20 

24  32.8 

.2724 

15  34 

15 

59  31 

24  36.0 

.2784 

15  47 

16 

02  10 

24  40.2 

.2845 

16  00 

05  17 

24  45.4 

.2906 

16  13 

08  50 

24  51.4 

.2067 

16  27 

16 

12  50 

—24  58,1 

0.3026 

16  40 

Tbe  light  ratios  compared  with  the  light  at  the  time  of  discovery  in  1894  ace 

1900  l:c*J'  l:r* 
July  23  0.12  0.35 
Aug.    28       0.11       0.42 
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GENERAL  NOTES. 

We  have  held  tb»  nnmber  back  several  days  longer  tban  previouily  aa- 
nonnced,  in  order  to  get  tbe  latest  plans  and  iostmctions  for  observatiooa  of  the 
planet  Eros,  to  determine  its  parallax.  Worh  bas  already  bef^n.  and  tbis  ap- 
portion of  Bros  offers  a  favorable  opportunity  for  the  observations  dewred. 


Th*  Late  Jamen  E.  Keeler.— The  news  of  the  death  at  Professor  James 
B.  Keeler,  Director  of  the  Lick  Obicrvatory,  Mt.  Hamilton,  California,  will  be 
sad  news  to  scientific  circlea  tbe  norld  over.  It  occurred  Rnodaj,  Aug.  19,  in 
San  Francisco,  af^er  a  briel  illness,  tbe  particulars  of  wbicb  hare  not  come  to 
bond.  A  full  account  of  tbe  life  work  of  Mr.  Keeler  will  begivea  in  oar  next,  hy- 
persons  well  qualified  to  speak  of  it. 


A.  P*n  Aatronomlcal  IiiBtmineiits  is  the  title  of  a  fine  quarto  volume 
in  board  and  dotb  covers  giving  excellent,  full-page  plate  illustrations  of  some  of 
the  astronomical  instrainents  made  by  tbe  well-known  firm  of  Warner  &  Swa- 
aey,  Cleveland,  Ohio.  It  is  only  a  few  years  since  this  firm  began  work  on  astro- 
nomical iostrnments.  We  well  remember  with  what  hesitation  and  self  diatrast 
tbe  first  steps  in  this  new  line  of  telescope-makiog  for  them  was  undertaken.  It 
is  now  very  remarkable  that  in  so  few  years  it  should  be  possible  for  any  instm- 
mcnt  makers  to  have  achieved  sncb  a  reputation,  for  high  grade  work,  on  the 
largest  scale,  as  that  enjoyed  today  by  Menra.  Warner  and  Swasey.  One  bas 
only  to  open  this  neat,  new  book  to  find  illustrations  of  telescopes  having  object 
glasses  varying  horn  6  to  10  inches  in  diameter,  bearing  tbe  impress  of  their 
handy  and  skillful  work,  in  mounting  or  other  contrivance  to  put  the  working 
aatronomer  at  bis  nightly  task  with  ease  and  comfort  hitherto  unknown.  Id  this 
new  volume  we  not  only  find  refracting  telescopes  of  various  sixes  of  the  most 
modem  and  approved  pattern,  but  also  meridian  circles  and  pbotograbic  in- 
struments with  all  tbe  appliances  which  tbe  ingennity  of  tbe  electrical  and  me- 
cbanical  engineer  can  devise  to  transform  the  drudgery  of  tbe  taxing  routine 
work  of  tbe  observer  into  tbe  delight  and  exhiliration  of  pnre  observational  re- 
•earch.  Of  late  we  have  wondered  what  Herschel  wonld  do  and  say  if  be  were 
privileged  now  to  use  one  of  America's  grear  refracting  telescopes.  If  bis  entbn- 
•iaam  was  kindled  inordinately  with  the  help  of  such  telescopes  as  be  could  make 
for  tbe  study  of  the  heavens,  bia  wonderful  genius  aided  by  the  celestial  views  of 
tlie  modem  telescope  would  have  given  bim  insight  and  an  impression  of  mind 
that  would  have  filled  bis  longing  and  devout  soul,  not  with  fancy  and  theory, 
however  probable,  but  with  fact  and  sublime  reality  which  be  so  loved  and 
bravely  sought  with  all  his  great  mental  power. 

The  reason  for  tbe  rapid  growth  of  the  reputation  of  the  firm  of  Warner  & 
Svrasey  in  the  new  line  of  telescope  making  is  not  hard  to  understand.  They 
'went  at  it  deliberately.  They  had  the  means  and  the  ability  to  experi- 
ment exhaustively  on  new  and  difficult  methods  of  mounting  telescopes. 
They  had  skill  enough  to  make  a  dome  for  an  observatoi^  that  bas  proved  to  be 
a  perfect  success.  We  have  used  two  of  their  steel  domes,  large  and  small,  for 
fifteen  years,  and  we  now  say  we  could  reasonably  ask  for  nothing  better.  They 
have  made  position  micrometers  that  work  very  vrell  and  keep  a  good  record  for 
■teadiness  in  time  under  certain  astronomical  tests.  Tbey  do  well  and  faithfully 
many  other  kinds  of  work  in  scientific  lines  that  we  have  not  the  space  now  to 


.y  Google 


398  General  Notes. 

speak  of.  Bnt  tbe  one  very  difficult  fnece  ot  machinery,  whicb  haj  occupied  the 
attention  of  tbcM  makers  for  some  time,  is  tbe  stmctnre  of  a  diTiding  engine  foe 
ruling  tbe  Gne  meaBuring  circlea  which  are  a  neccsMt?  to  all  instruments  of  pre- 
cision.  To  make  anch  an  ennine,  whose  errors  of  diviMon  are  leaa  than  values 
easily  seen  by  good  Tianal  apparatus,  is  a  problem  that  has  baffled  tbe  inge- 
nuity and  the  skill  of  the  best  mechanical  engineers  down  to  the  present  time. 
We  notice  a  cut  of  a  dividing  machine  in  this  book,  and  we  ha-re  heard  some- 
thing of  the  fine  work  that  can  be  done  by  it.  We  sincerely  hope  that  the  prob- 
lemof  producing  highly  accurate  dividing  apparatus  has  beensolved  by  Warner  & 
Swaseyfbr  it  will  certainly  mean  much  forWaruer&Swasey  and  for  science  gener- 
ally.   Later  we  hope  to  print  a  cut  and  an  explanation  of  this  new  ruling  engine. 

MiUtATjr  Rank  of  Profeasors  of  Mathematica  In  tbe  United 
8tiat«B  Navy.— The  Navy  Register  for  1900  gives  the  real,  not  relative  or  Maaiai' 
Hated,  rank  of  all  Professors  of  Mathematics  in  the  Navy  up  to  January  1, 1900. 
On  tbe  active  list  we  find:  "With  rank  of  Captain:"  Profs.  Hendrickson,  Todd 
and  Oliver.  "With  rank  of  Commander:"  Profs.  Brown,  Rawson.  Alger  and 
Dodge.    "With  rank  of  Lieutenant:"  Profe.  Paul.  Skinner,  See  and  Updegraff. 

On  tbe  retired  list  we  find:  "Rank  of  Rear  Admiral:"  William  HarkneM. 
"Rank  of  Captain:"  Prols.  Newcomb,  Hall  and  Eastman.  "Rank  of  Command- 
der:"  Prols.  Prisby,  Prudhomme  and  Rice. 

The  equivalent  ranks  in  tbe  army  are  as  follows: 

Rear  Admiral  with  Maj.  General. 

Captain  "      Colonel. 

Commander      "      Lt.  Colonel. 

Lt.  Commander"      Major. 

Lieutenant         "      Captain. 

Total  Solar  Eclipse  Ma;  28,  1900.  Obaerred  by  Party  tiom 
Leander  McCormlck  Observatory.— Tbe  party  from  tbe  Leander  McCor- 
miok  Obserratory  of  tbe  University  of  Virginia  was  stationed  at  Wionsboro,  S. 
C.  Tbe  day  of  tbe  eclipse  was  beautifnttj  clear  and  the  programme  was  carried 
out  successfully. 

The  equipment  included  a  camera  having  a  lens  of  five  inches  aperture  and  39 
ft.  focal  length.  Seed's  triple-coated  plates  having  27x  as  the  npper  emulsion 
were  employed.  Ten  plates  were  secured  during  totality.  The  exposures  were 
made  by  Mr.  J.  W.  Mayo  of  the  Engineering  Department  of  the  Univeisity  of  Vir- 
ginia, assisted  by  Mr.  J.  W.  Hanebon  of  Winnsboro.  Several  smaller  cameras 
were  also  mounted  on  a  polar  axis,  the  plates  being  exposed  by  Messrs.  J.  A. 
Lyon  and  E.  0.  Eastwood  of  the  Observatory.  One  of  these  cameras  having  a 
focal  length  of  four  feet  was  provided  with  a  color  screen.  Tbe  negative  obtained 
shows  no  detail  owing  to  failure  of  the  clepsydra  to  work  properly,  but  tbe  in- 
tensity of  tbe  coronal  image  is  snch  as  to  indicate  that  good  results  might  eamly 
be  obtained  with  a  long  fbcns  camera.  Visual  observations  were  made  by  Mr. 
H.  R.  Morgan  ot  tbe  Observatory  and  Prof.  H.  L.  Smith  of  Davidson  College 
with  four  inch  refractors  and  myself  with  a  six  inch  refractor.  Preceding  the 
eclipse,  observations  were  made  for  the  determination  of  latitude  and  longitude. 
Tbe  polar  coronal  filaments  greatly  resembled  those  of  the  eclipse  of  1878,  bnt 
seemed  at  ibe  time  longer  than  those  seen  at  Denver.  On  the  other  hand  the 
equatorial  filaments  were  not  so  well  defined  nor  did  they  interlace  to  the  same 
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eitmt  as  in  1678,  bdng  more  nearlj  radioJ  aod  conieqacDtly  not  intenKcting  ex- 
cept at  some  distance  from  the  ano't  limb.  Vaatl;  more  of  detail  was  Been  in 
the  telescopes  tbaa  is  shown  on  the  aegatives.  No  relation  was  noticed  in  the 
former  between  the  filaments  and  the  protuberances ,  although  carefallj  looked 
for.  Such  relation  is  faowcTcr  apparent  on  the  negatiTcs,  at  least  in  the  case  of 
one  of  the  principal  prominences  seen.  On  the  negatives  made  also,  the  forms  of 
some  of  the  filaments  were  interesting;.  In  the  region  hetween  the  two  prinri- 
pal  prominences,  for  instance,  there  are  filaments  which  near  their  base  are  di- 
rected away  from  the  san's  equator,  while  at  a  distance  higher  above  the  son's 
limb  they  cnrre  back  again  toward  the  equator.  In  this  case,  at  least,  the  flla- 
ments  do  not  form  elliptic  carves  having  their  foci  at  the  centre  of  the  son. 

To  ttaeUnited  States  Naval  Observatory  and  to  Mr.  Geo.  N.  Saegmaller  the  ex- 
pedition was  indebted  for  the  nse  of  instrnments,  to  Prof.  W.  W.  Campbell  for 
Talnable  advice  and  for  developing  the  plates  obtained  with  the  forty  foot 
camera,  to  the  Southern  Railway  and  the  Western  Union  Telettrxph  Company 
for  railway  and  telegraphic  facilities,  and  to  the  authorities  and  people  of 
Winnsboro  for  their  untiring  and  helpful  courtesies. 


Occnltatlon  of  Snttim. — The  following  observations  of  the  occaltatlon 
of  Saturn  on  Jnlv  10, 1900,  were  made  at  the  Chamberlin  Observatory,  Uoiver- 
«ity  Park,  Col.  The  twenty  inch  refractor  was  equipped  with  a  power  of  200- 
The  six  inch  refractor  waa  used  by  Prof.  Chas.  J.  Ling,  and  the  five  inch  by  Julian 
O.  Howe.  The  atmospheric  conditions  were  anfavorable.  Local  mean  times  are 
^ven ;  the  position  of  the  observatory  is  given  in  the  American  Epbemeris  under 
the  title  "Denver." 

Immeraiou. 
20-inch.  6-inch.  S-incb. 
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Iversity  Park,  Colo., 

August  1900. 

HERBERT  A.  HOWE. 

On  July  21st  o  Ceti  was  observed  and  seemed  equal  to  0»inma  Ceti  of  third 
-xnagnatude.  On  July  27th  it  seemed  slightly  less  bright  than  that  star,  bnt  was 
'4>rigbter  tban  Delta  Ceti. 

The  nights  were  clear  and  moonless.  The  maiimnm  was  predicted  for 
Jalj  31st.  B.  o.  H. 

San  Francisco,  August  10th. 
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Death  of  David  Planery. — Mr.  David  Plaaerj,  well  known  to  aU]readen 
of  PopDlar  ABtronomy,  died  at  his  hom:  in  Memphil,  Teno.,  on  August  6.  Mr. 
Flanery  was  mnch  interested  in  the  rariable  stars,  and  bas  for  maaj  years  been 
an  ohserver  of  tbem.  Daring  the  last  six  years  he  bas  followed  np,  amoaK  otbcr 
Stars,  Mira  Ceti  aod  R  Leoais  with  great  persistency,  and  has  fnrnished  a  nnm- 
ber  af  maxima  of  these  stars  which  are  of  considerable  value.  He  bas  also  kept 
watcb  of  SS  Cygni,  and  the  new  short-period  star,  SV  CyRni,  furaisbiuK  obser- 
vations of  them  which  the  writer  has  been  glad  to  use  to  supplement  the  gaps  in 
his  own. 

Thoogh  knowing  him  only  by  letter,  I  have  found  him  a  genial  and  faithful 
correepoadent,  and  an  honest,  open-minded  and  careful  observer,  always  making 
the  must  and  the  best  of  aoch  matsrial  and  information  as  was  accessible  to  him. 
He  was  very  modest  as  to  the  ralne  of  his  own  astronomical  work,  and  deserred 
to  be  more  generally  and  favorably  known  to  the  regular  astronomers  than  bas 
been  the  case.  P.  B.  VBNdsll. 

Dorcheater,  Aug.  10,  1900. 


DlacoTftry  of  Com«t  Brooks. — It  was  my  pleasure  on  the  early  morning 
of  July  23  to  discover  a  new  bright  comet  in  tbe  eastern  heavens;  right  ascen- 
sion 2^  43~  JiO*;  declination  north  12"  30'.  The  motion  of  tbe  comet  was 
rapid,  about  three  degrees  daily,  and  in  a  northerly  direction.  Tbe  comet  baa  a 
bright  stellar  nnclens,  large  coma  and  rather  broad  tail.  In  tbe  10^  equatorial 
of  this  observatory,  it  is  a  very  beautiful  telescopic  object,  resembling  a  great 
naked  eye  comet  in  miniatnre.  Discovered  in  tbe  sonthern  part  of  Aries  it  is'at 
this  writing  in  the  head  of  Medusa  and  yesterday  morning,  was  in  the  same  low 
power  field  with  Algol. 

Tbe  approximate  position  of  the  comet  this  morning  was  as  follows:  Aug. 
2nd  1*"  19"  E.  ST.  T.  R.  A.  2"  55-  35-  ;  +  42°  34'.  Tbia  poaitiou  com- 
pared with  tbe  observation  of  yesterday  morning,  shows  a  daily  motion  of  1— 
25'  east,  and  3°  3'  Dortfa.  Tbe  nnclens  bas  always  appeared  considerably 
elongated,  until  this  morning  it  was  nearly  round. 

WILLIAM  R.  BROOKS, 

LiNBTTB  Obsertatort,  Geneva,  N.  Y. 
August  3rd,  1900. 

The  Total  Ecllpae  at  BaruMTllle  and  Griffin,  Ga.-Mr.  Geo.  A.  Hill 
•ends  the  following  notes  correcting  and  supplementing  the  very  brief  mention  of 
the  work  at  tbeae  stadons  in  our  paper  in  tbe  lastnumber  of  Popular  Astronomy; 

"Tbe  latitude  and  longitude  of  tbe  station  at  Griffin,  Ga.,  was  determined  by 
mysell  assisted  by  Mr.  Littell.  Tbe  site  was  selected,  piers  built,  dark  room  con- 
structed under  my  personal  direction  and  in  my  judgment  it  was  one  of  tbe  finest 
that  could  have  been  found. 

At  Bamcsvillc  1  made  an  accurate  determination  of  the  latitude  and  longi- 
tude, exchaugintc  longitude  signals  with  the  Observatory  here  in  Washington. 

In  addition  we  had  with  us  Profetsor  Lord,  of  tbe  Ohio  State  University, 
equipped  with  bis  fine  spectroscopic  outfit.  On  the  day  of  tbe  eclipse  Mr.  LitteD 
and  I  observed  the  first  contact,  each  using  one  of  tbe  five  inch  eqoatorials.  At 
the  time  of  totality  I  had  charge  of  the  guiding  telescope  mounted  on  the  polar 
axis,  which  held  five  cameras.  Mr.  Littell  gave  tbe  proper  time  of  exposure  on 
each  set.  We  secured  foar  sets  or  twenty  in  all  for  the  polar  axis. 
Mr.  Peters,  the  pfaotographer  of  tbe  Observatory  bad  immediate  chari;e  of  the 
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40  foot  leiM.  Hm  devotion  to  his  Antj  tbonld  not  ffo  nBmeiiticwcd.for  the  end  of 
tlw  long  foctM  lent  waa  in  a  dark  room,  and  be  did  not  Kc  the  totnlitj  at  all. 
Mr.  Peters  sccnrcd  four  platea  with  that  lens.  Be  waa  in  chante  of  placi^alltlie 
lenses  in  foctis  and  bis  plates  when  published  will  indicate  how  well  fae  did  fai> 

The  two  inner  contacts  were  obserTcd  by  Professors  Bastmaa  and  Updegraff. 
Dr.  See  did  not  arrive  at  the  station  until  two  days  before  the  eclipse  and  had 
nothing  to  do  with  preparing  for  the  affair. 

Professor  Brown  was  in  general  cbargc  of  the  station  np  to  the  day  of  the 
eclipse,  but  he  observed  from  Griffin." 

0<M!iiltatloii  of  Satnm  b;  the  Moon  JnnelS,  1900.— This  occultation 
was  seen  in  a  perfectly  dear  sk;  and  good  images.  The  instrument  was  a  Hi 
inch  refractor  with  a  magoitying  power  of  160. 

lagreas. — Tbe  planet  was  very  pale,  mncta  less  bright  than  the  Innar  disk  and 
even  the  floor  of  Grinaldi  or  Plato.  I  saw  no  abaomtal  appearance  on  the  rings 
or  on  tbe  ball  of  Satnrn.    No  dark  band  on  the  Innar  limb. 

Egreat. — Same  appearance.  The  egress  was  regalar.  Satnm  always  very 
tittle  bright,  bnt  no  trace  of  a  Innar  atmosphere.  After  10  or  12  rainntes  tbe 
planet  was  seen  to  tbe  naked  eye.  u.  uovs. 

MoKTPBLLiBK,  (France) 

Jnne  12, 1900. 

CmrouaSeen  After  Totality.— As  the  visibility  of  the  corona  after  total 
ity  appears  to  have  been  a  pecnliar  featare  of  the  recent  eclipse,  tbe  following 
notes  may  be  of  interest  to  readers  of  Popular  Abtbokomy  . 

Tbe  eclipse  of  May  2S  was  witnessed  by  the  writer  in  Norfolk,  Va.,  from  a 
hotel  roof  scented  for  onr  porty  fay  tbe  Hartford  Scientifio  Association,  and  cora- 
manding  a  Sac  view  of  the  ■nrronndlog  country.  Totality  was  dne  at  abont 
seven  miontes  before  nine  a.  u.  At  8:46  the  Moon  was  far  advanced  npon  the 
8nn,  the  daylight  was  distinctly  dimmed  and  the  air  had  grown  cold.  (The  fall 
of  temperatnre  during  the  eclipse  was  found  by  one  of  tbe  party  to  be  more  than 
.  fifteen  degrees.*)  At  about  eight  minntea  before  nine  totality  was  immanent,  the 
crowd  on  the  bonse-top  was  silent  and  minds  were  tense  with  expectation. 
I  glanced  at  tbe  Snn.  The  dwindling  cresent  formed  now  no  more  than  o  slight 
border  upon  the  central  zone  of  tbe  Moon.  Turning  quickly  toward  tbe  sontb- 
west  where  a  moment  ago  tbe  sky  had  been  clear,  or  but  slightly  smoky  olong, 
the  horizon,  I  saw,  as  it  were,  a  black  thunder  clond  beyond  the  harbor  and 
islands.  I  was  nnable  to  see  the  outline  of  tbe  shadow  advancing  through  the 
air,  though  to  some  of  tbe  party  it  was  indistinctly  visible.  Indefinite  darkness 
filledin  two  or  three  seconds  the  whole  southwest  sky.  Meanwhile  tbe  shadow 
fell  npon  us  in  sudden  snccessivc  waves.  The  dayligbt  was,  as  it  were,  snatched 
away,  and  in  a  second  or  two  agam  snatched  away.  I  noticed  at  least  three 
times  this  wdrd  sinking  of  the  daylight.  Every  beholder  felt  himself  alone  and 
overawed  ai  the  shadow  fell.  We  were  now  enveloped  in  an  nnearthly  twilight. 
When  it  was  evident  that  tbe  shadow  was  fnlly  npon  ns,  1  turned  to  the  east  to 
look  at  the  Sun.  It  hnng  block  as  ink  in  tbe  sky  with  the  corona  springing  from 
its  equatorial  zone  in  two  wings  or  shafts  of  light  like  auroral  streamers,  seen 
beantifnlly  aslant  the  sky.    Tbe  western  wing  which   was  the  longer  could  be 

*This  amomt  is  so  large  there  may  be  some  mistake  abont  it. — Bd. 
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traced  nearly  two  aolar  diameters.  Both  winga  were  irrcfnlar  at  the  bonndarT, 
and  one,  the  eaatem(7)  flared  more  tbao  tbe  other,  appearing  in  fanlike  form. 
There  were  evidently  atmctamjost  eluding  Tision  (of  the  naked  eye),  bat  in  tbe 
northern  angle  of  the  eastern  wing  my  attention  waa  fixed  by  a  ray  whkh 
cnrred  back  itrongly  from  tbe  polar  regions,  leaving  almost  a  black  shadow 
between  itaelf  and  tbe  bright  polar  filaments.  Prom  drawings  made  by  membcn 
of  tbe  party  I  jadge  this  may  have  formed  the  edge  of  a  cone  stiperpoaed  npon  tbe 
equatorial  fan.  Tbe  polar  rays  were  beantilul  silvery  filaments  springing  singly 
from  the  ann's  black  poles.  They  were  widely  separated  and  qnite  long,  the  one 
in  the  northwestern  angle,  next  the  equatorial  shaft  seemed  nearly  equal  to  tbe 
8un'a  diameter.  All  carved  beautifully  away  from  tbe  poles,  suggesting  the  lines 
of  force  aboat  a  disk  magnet.  I  saw  several  bright  dots  on  tbe  Sun's  edge  which 
most  have  been  prominences,  but  did  not  catch  tbe  delicate  pink  color  of  these 
and  tbe  rosy  border  on  a  portion  of  the  Sun's  edge  seen  by  others  of  the  party. 
Nearby  to  the  northwest  of  tbe  Sun,  Mercury  shone  out  in  fine  flame  color.  Tbe 
inky  black  globe  of  the  Moon,  the  silvery  wings  of  coronal  light  and  the  planet 
burning  like  a  live  coal  through  the  sky  formed  a  spectacle  of  weird  beauty  never 
to  be  forgotten.  Barely  had  we  looked  at  it  however  when  a  beaded  maas  of 
light  broke  out  upon  the  western  border  of  tbe  Moon  and  unwelcome  daylight 
dispelled  the  wondrous  apparition.  As  partial  compensation  in  this  unhappy 
moment  came  an  interesting  and  most  uneipected  phenomenon.  At  the  instant 
of  reappearance  of  tbe  crescent,  the  equatorial  wings  of  tbe  corona  vanished. 
But  in  their  stead  was  seen  a  silver  ring  around  the  Sun,  fringed  with  a  flame 
pattern  not  previously  visible.  It  called  at  once  to  mind  a  drawing  of  tbe  inner 
corona  in  Young's  Astronomy.  For  perhaps  a  second  it  was  very  bright,  then  I 
was  aware  of  the  return  of  daylight  (which  seemed  to  come  perceptibly  later 
than  the  reappearance  of  sunlight  on  the  Moon's  limb).  To  my  still  greater  sur- 
prise tbe  fringed  ring  did  not  vanish,  bat  remained  visibl :  for  what  seemed  a 
long  time.  This  may  have  been  ten  seconds  or  so  but  1  didn't  count.  One 
■eemed  to  see  this  corona  through  a  veil  of  glare  tike,  for  example,  the  beasis 
from  a  search  light  in  dusty  air.  At  last  it  faded  from  sight  and  the  eclipse  waa 
to  all  intents  and  purposes  over.  Tbe  inner  corona  has  been  reported  astelescop* 
ically  viuble  after  totality  at  stations  farther  south.  A  possible  connection  is 
suggested  between  the  prolonged  display  of  the  corona  and  the  gradual  falling  of 
the  shadow  in  this  eclipse.  Or  tbe  corona  may  have  been  nnnsnally  brilliant  and 
so  have  outshone  the  retoming  daylight. 

ANTOHIA  C.  OS  p.  p.  UAOBV. 


The  Theory  and  Practice  of  Interpolation. — We  have  been  much  in- 
terested in  a  book  recently  published  on  Tbe  Theory  and  Practice  of  Interpola- 
tion by  Herbert  L.  Rice,  assistant  in  tbe  office  of  tbe  American  Ephemeris,  and 
Professor  of  Astronomy  in  the  Corcoran  Scientific  School,  Washington,  D.  C. 
It  is  in  quarto  form,  consists  of  234  pages,  and  is  neatly  printed  by  tbe  Nichols 
Press  of  Lynn,  Mass.  In  his  office  work  the  autbor  has  "felt  the  need  of  a  book 
that  would  give,  exclusive  of  other  matter,  a  simple,  practical  and  yet  compre- 
hensive discussion  of  all  that  is  useful  concerning  diffenaces,  iaterpolatioa,  tabtt- 
lar  differratimtioa  and  mccbaaical  quadrature,"  and,  that  should  also  include  all 
tables  aaxiliaiy  to  the  text  needed  by  the  practical  computer. 

In  a  brief  review  of  this  book,  it  seems  to  us  that  the  author  has  carried  ont 
well,  bis  design  of  bringing  together  these  kindred  themes  and  of  treating  tbem 
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id  Tcrj  plnin  and  practical  way.  The  firat  chapter  wbicb  treats  of  differences 
■peaks  of  tbe  ttatnre  of  a  function  in  mathematical  sense,  then  illustrates  the  no- 
tation of  differenCefl  in  tabular  form,  and  immediately  calls  attention  to  a  method 
of  checking  work  for  numerical  accuracy.  The  theoretical  part  is  stated  in  the 
form  o(  tbeoTems  to  be  proved  which,  as  far  as  we  have  noticed,  are  done  in 
clear,  concise  and  accurate  way.  The  numerical  examples  which  illustrate  every 
important  step  in  the  development  are  an  admirable  feature  which  will  at  once 
attract  the  attention  of  tbe  mathematical  stndeat. 

Tfaisbaokcontains,  in  our  judgment,  the  clearest,  fullest  and  best  presenta- 
tion of  these  topics  that  we  know  of  either  for  study  or  for  practical  ose  in  the 
hands  of  tbe  compnter.  Vfe  think  enough  of  it  to  adopt  it  in  the  post  graduate 
course  of  study  in  Mathematics  and  Astronomy  at  Carleton  College.  It  will  be 
nsed  ut  Goodsell  Observatory  as  as  reference  book  in  respect  to  the  themes  of 
wbtcb  it  treats  to  fully  and  well. 


Blem«iita  and  Ephemerls  of  Comet  b  1800  (Borrelly-Brooka.)'- 

Prom  Mr.  Crawford's  observation  made  on  July  25tb  and  my  onu  of  [nlv  30th 
and  August  Mh,  I  find  the  following  parabolic  elements; 
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Ocetdtatloii  of  Satnm  at  St.  Panl,  Uinn.,  Jnly  10,  1»00.— Mr.  8. 

J.  Corrigan  of  our  city  sent  me  aome  computation!  for  tbe  occnltvtion  o(  tbe 
planet  Satnm,  which  took  place  Tnesdajevcaiiig.Jnlj  10.  I  obaerred  tbe  tiroes 
of  immernon  of  both  tbe  ring  and  ball  of  tbe  planet  and  sent  my  resnita  to  bim. 
He  adviBcd  aending  tbem  to  Popui.ab  Astbonouy  for  publication. 

Mr.  Corrigan's  coropntationa  for  the  timet  of  all  the  pbaae*  for  ball  and  riait 
were  aa  foltowa: 

Ihubkgion  (CbhtralTimb). 

firat  contact  with  ring  9  24  47.2 

■■     ball  9  25  11.6 

Center,  of  ball  9  25  28.8 

Laat  contact  with  ball  9  25  46.0 

ring  9  26  10.4 

Latitnde         +44"  53' 

Longitnde          93°  05'    W.  of  Greenwich. 

TiMBB  OF  OB3BBV«TIONS  were:  DlFPSBEHCB. 

Firat  contact  with  ring  9    34    45.0       +  2.2 

Center  of  Satnm  9    25    26.  +28 

Last  contact  with  ring  9    26    07.  +  3.4 

"Tbe  obaervtil  times  are  thna  about  three  seconda  earlier  than  the  computed, 
which  may  be  due  to  errors  in  the  tabular  place*  of  tbe  Moon  and  of  Saturn. 
Washinj^n  obiervationa  of  tbe  late  eclipse  ol  tbe  Sun  indicate  that  tbe  Moon 
waa  several  aeconda  ahead  of  tbe  computed  time,  and  mj  obaerTationa  would  in- 
dicate that  it  waa  three  aeconda  ahead  in  the  timea  of  thia  occultation." 

I  aecured  the  time  from  Goodeell  Obaervatorj  of  Carleton  College,  at  6 
o'clock  p.  U.  1  uaed  a  good  watcta  for  time-piece,  and  made  these  obserrationa 
thrce-fourtba  of  a  mile  nortbweat  of  the  city  hall  of  St.  Paul.  The  occaltation 
of  the  ring  from  first  to  laat  required  jnat  one  minute  and  tnentj-tno  aeconda, 
and  it  was  a  beautiful  aigbt.  The  laat  contact  with  the  ring,  I  think,  waa  ob- 
served to  the  fraction  of  a  second,  it  waa  ao  dtatinctly  aecn. 

T.  D.  SiHONTOK. 

We  take  the  privilege  of  copying  aome  of  tbe  private  letter  accompanying  the 
above  uaelnl  obaervations  made  by  Dr.  Smonton,  to  show  amstenn  what  good 
work  may  be  done  sometimes  with  very  aimple  means.  Bd.] 


Profe«aor  H.  T.  Todd,  Director  of  Nautical  Almanac,  Retired.— 

Prafcaaor  U.  T.  Todd,  Director  of  the  Nautical  Almanac.  Waabington,  D.  C,  re- 
tired from  office,  Aug.  25,  hiving  reached  the  age  limit  for  thia  branch  of  tbe 
Government  acrvice.  Tbe  directorship  of  the  Kaatical  Almanac  will  be  aasnmed 
by  Profeaaor  S.  J.  Brown,  Aatronomical  Director  of  Ihe  Naval  Ubaervatory. 

We  learn  from  the  Washington  Star  (Ang.  25)  facts  of  unusual  intereat  in  tbe 
service  of  Professor  Todd.  He  waa  graduated  from  tbe  Naval  Academy  in  1857, 
naa  two  years  under  Capt.  Dupont,  in  Chineae  watera,  waa  present  at  the  at- 
tack on  the  Takn  forta  in  1S58  and  at  Tien  Tsin  when  tbe  treaty  waa  signed. 
He  was  next  on  duty  on  tbe  coast  ol  Africa  and  took  part  in  capluriog  tbe 
slaver,  Brie,  with  897  slaves  on  board.  He  waa  one  of  tbe  officers  of  tbe  prite 
crew  ordered  to  take  the  slavca  to  Monrovia,  and  to  bring  the  ship,  her  captain 
and  mates  into  a  Uniled  States  port.   This  capture  was  an  important  one,  as  tbe 
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ship  was  condemiied,  and  the  captain  of  the  Brie  wai  banged,  beiof;  tfae  onlj  of- 
ficer of  a  ilaTcr  erer  executed  for  participation  in  tbe  slare  trade. 

Profeaaor  Todd  waa  appointed  ProfcBsor  of  Matbematica  in  tfae  Navj  in 
1877,  and  terved  eigfat  yeara  as  bead  of  the  depBrtmrat  of  Phjaica  and  Cbem- 
istrr  at  the  Navdl  Academj.  In  1886  be  waa  placed  on  dnty  in  tbe  Nantical  Al- 
manac office,  and  continued  there  until  he  became  Director,  which  poaition  he 
held  at  tbe  time  of  hie  retirement. 

A  N«ir  Star  la  Aqnlla.— From  an  examination  of  tbe  Draper  Memorial 
photographs,  Mrs.  PleminK  baa  discovered  a  new  star  to  the  constellation 
Aquila.  Ita  poaition  for  1900  is  R.  A.  =  19''  15»  16',  Decl.  =  —  0"  ig'.2.  It 
waa  too  faint  to  be  photographed  on  96  platca  taken  between  August  21,  1886, 
and  HoTember  1, 1898,  altbongh  etars  aa  faint  aa  the  thirteenth  magnitude  are 
visible  on  some  of  them.  It  appears  on  18  photographs  taken  between  April  21, 
1899,  and  October  27, 1899.  On  April  21  it  waa  of  the  aerenth  magnitude,  and 
on  October  27,  1899,  of  the  tenth  magnitude.  Two  photographs  taken  on  Jnly 
7,  acd  Jol;  9, 1900.  show  that  tbe  etar  ia  still  viaible,  and  that  its  photographic 
magnitude  is  about  11.5.  A  photograph  taken  on  July  3, 1899,  shows  that  ita 
spectrum  reaembled  thoae  of  other  new  atars,  white  a  photograph  takea  on 
Octolier  27. 1S99,  shows  thnt  the  spectrum  resembled  those  of  gaseous  nebulte. 

On  Jnl;  9,  1900,  the  object  was  discovered  with  the  ]  5-inch  Equatorial  bj 
Profcsaor  Wendell,  who  estimated  its  magnitude  as  11.6  to  12.0,  and  confinned 
the  mono -chromatic  character  of  ita  spectrum.  b.  c.  pickbbing. 

Harvard  College  Obbbkvatorv, 

Cambridfce,  Mass.,  Jul;  11, 1900. 

POSITIONS  OP  BROS  (433)  IN  1893,  1894  AND  1896. 

Approximate  positions  of  Eroa  (433)  during  tbe  oppositions  of  1894  and 
1896  will  be  found  in  Circulars  No.  36  and  37.  Since  then,  the  photographs  from 
which  these  positions  were  derived  have  been  measured  bj  the  method  described 
in  theUarrarO  Annals,  Vol.  XXVI,  p.  237,  and  reduced  by  the  method  of  Turner. 
The  measurements  have  been  made  by  Misa  B.  P.  Leland,  and  the  reductions  by 
Miss  A.Winlock  aided  by  Miasl.  E.  Woods.  These  photographs  were  taken  with 
the  Bruce,  Bachc  and  Draper  photographic  doublets,  whose  apertures  are  60,  20 
and  20  cm.,  and  the  focal  lengths  such  that  1  mm.  equals  60",  179",  and  163",  re- 
spectively. Photographs  taki-n  with  these  instruments  are  designated  by  tfae 
letters  A,  B.  and  I,  respectively.  Tbe  smaller  instruments  photograph  a  field  IW 
square,  and  aa  some  of  tbe  images  fall  near  the  corners  of  the  plates  it  was  not 
supposed  that  positioaa  could  be  determined  from  them  with  a  high  degree  o'^ 
accuracy.  In  aonte  cases,  the  images  are  more  than  5°  from  center  of  plates  and 
are  consequently  much  distorted,  the  greatest  diameter  exceeding  a  minute  of  arc; 
yet,  as  will  he  seen  below,  the  accuracy  of  the  ptat:ea  does  not  greatly  JiflWr  from 
that  ordinarily  obtained  with  rhe  meridian  circles.  The  most  remarkable  con> 
elusion  to  be  derived  from  these  observations  is  that  if.  in  the  future,  any  other 
object  like  Eros  shonid  be  discovered,  we  have  at  this  Observatory  the  means  of 
tracing  its  path  since  1890,  during  the  time  in  which  it  was  moderately  bright, 
with  nearly  as  great  accuracy  as  if  a  series  of  observations  bad  been  taken  of  it 
with  a  meridian  circle. 

In  the  following  table  the  designation  of  the  original  negative  is  given  in  tbe 


.y  Google 


General  Notes. 


fint  column.  Tbe  date,  the  Grceawicfa  Mean  Time  of  the  middle  of  the  exposure, 
and  tbe  duration  of  the  exposure,  are  given  in  tbe  next  tbree  columns.  Two  en- 
largements, on  a.  acale  of  0.1  cm.  :=  10",  were  made  from  each  of  these  negatives, 
and  their  designation!  are  given  in  the  fifth  column.  Tbe  number  of  catalotroe 
Btara  on  these  eDlargementa  used  to  determine  tbe  constants  of  the  plates,  such 
as  errors  of  scale,  orientation,  etc.,  is  given  ia  the  sixth  colnmn.  Tlie  standard 
coordinates  of  Erosare  given  in  the  seventh  and  eighth  columns,  and  the  reanlt- 
int;  right  ascension  and  declination  for  1875,  in  the  ninth  end  tenth  colnmni. 
Tbe  two  meosores  of  each  plate  are 

POSITIONS  OF  EROS. 
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independent,  except  for  errors  in  the  original  negatives  and  in  the  method  of  re- 
duction. Tbe  difTerences  in  the  two  results  for  the  right  ascension,  and  for  the 
declination,  are  given  in  the  last  two  columns. 

Od  I  9832,  the  image  is  Irregular.  The  position  of  the  brightest  part  ia  given. 
The  center  precedes  it  0'.G6,  and  is  8".6  south.  On  A  222  and  A  1876,  the  images 
are  mnch  elongated,  owing  to  the  motion  of  Eros.  The  means  of  the  measures 
of  the  ends  are  given.  The  discordance  in  the  positions  derived  from  I  10685  and 
B  IfilOS  is  probably  due  to  the  poor  quality  of  tbe  images. 

A  complete  discussion  of  these  measnres,  including  tbe  original  settings  and 
the  results  for  each  comparison  star,  ia  in  course  of  preparation  for  the  Annals. 
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The  positions  of  the  stars  bave  been '  takea  from  the  Catalogues  of  tfae  Astrono- 
miscbet  <}esdlscbaft,  except  in  tbe  case  of  tbe  plates  taken  in  1896  for  wbicfa  the 
Cordoba  Catalogues  bave  bera  used.  Tbe  averege  ralne  of  tbe  296  residuals  for 
tbe  catslogac  stars  is,  for  i,  ±  1",03,  for  j,  ±  1".06.  The  average  difierence  of 
tbe  standard  coSrdinates  of  the  two  positions  of  Bros  is,  for  z,  ±  1".8,  for 
^,  ±  1".4.  For  the  three  Bruce  plates  these  Talnes  become  ±  0".6,  and  ±  1".0, 
RspectiTelj.  bdwars  c.  fickbbing. 

Hartakd  Collbgb  Observatory,  Circntar  No.  61, 
June  7, 1900. 


Occnltatlon  of  Satnrn  at  Providence,  R.  I.,  Jnly  10,  ISOO.— Tfae 
occnltation  of  Satnrn  by  tbe  Moon,  July  10,  was  observed  at  Seagrave  Observa- 
tory, this  place,  with  tbe  foUowing  results: 

Immenioa.    First  contract 11  17  8 

Second  contact 11  17  24 

EmtraioD.      Third  contact 12  3S  59 

Fourth  contact 12  36  17 

These  results  are  given  in  Providence  local  mean  time. 

Our  party  was  located  at  Soutfaern  Pines,  North  Carolina,  for  observatiooa 
of  tbe  total  solar  eclipse  of  May  26.  Our  position  was  longitude  -|-  79°  20'  and 
latitude  -|-  35°  15'.  We  secured  six  good  photographs  during  totality  which 
lasted  jnst  96  seconds.  Tbe  photographs  were  taken  with  a  Clark  4.incb  ob- 
jective, five  feet  focal  length.  The  plates  have  been  examined  very  carefnlly,  bat 
DO  trace  of  Intra- Merc  a  rial  planet  is  found.  The  Corona  waa  seen  by  the  writer 
with  a  three-inch  telescope  two  minutes  before  and  after  totality, 

F.  E.  SB  AG  RAW. 

Pbotidbncb,  B.  I.,  July  13, 1900. 


Tbe  Bclip«e  of  Last  May.— Professor  Charles  A.  Young,  of  Princeton, 
gives,  in  the  Independent  of  Aug.  30,  some  results  of  the  observations  of  the  to- 
tal  aolar  eclipse  of  May  28,  1900.  In  that  article  he  says  "no  really  brilliant  dis- 
covery was  made,  since  anything  of  that  sort  would  have  been  announced;  nor 
can  it  be  expected  that  any  very  remarkable  extension  of  our  knowledge  will 
prove  to  have  been  gained,  because  in  every  respect  except  the  weather,  tbe  dr- 
cnmstances  of  the  eclipse  were  rather  untavorable."  The  unfavorable  conditions 
referred  to  were  tbe  short  time  of  totality  (less  than  100  seconds),  and  the  fact 
that  tbe  suospot  period  was  near  the  time  of  its  minimum.  The  short  period  of 
totality  was  unfavorable  for  visual  or  photographic  purposes  and  the  time  of 
minimnm  of  the  spot  period  is  unfavorable  because  of  the  quiescent  state  of  the 
solar  surfatx.  The  time  of  contacts  at  stations  where  latitude  and  longitude 
were  accurately  known  agree  in  showing  that  the  eclipse  was  four  or  five  seconds 
ahead  of  time,  and  some  of  the  observers  were  of  tbe  opinion  that  tbe  length  of 
totality  was  notably  shorter  than  the  computed  time.  This  last  statement  is  a 
surprise  to  us.  and  we  wonder  what  the  real  cause  of  such  an  opinion  is.  We 
can  guess  two  things  that  might  contribute  somewhat  to  such  a  result:  one  is 
the  fact  that  some  observers  were  at  fault  in  beginning  their  observations;  an- 
other may  be  that  some  stations  were  not  as  near  tfae  center  line  of  totality  as 
was  supposed  when  they  were  chosen.  If  the  error  of  position  in  this  regard 
woa  small  the  difierence  in  time  of  tbe  length  of  totality  wonld  not  be  noticeable; 
but  if  it  waa  considerable  it  would  shorten  the  ohseuration  somewhat. 
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Professor  Yoang  saya  that  tbe  Prioceton  party  at  Wadeiboro  photoarapbed 
the  last  contact  with  an  expomre  of  abont  one-faalf  Mcond,  parpoady  instead  of 
making  it  instantaneonsly.  Tbe  result  was  to  get  poattivea  of  the  Sna's  disk  in- 
stead of  aegatires,  bnt  they  were  as  sharp  as  the  negativea  of  tbe  first  contact. 

The  condaBtoo  of  the  article  gives  some  results  that  are  best  expressed  in 
Professor  Yonng's  own  words,  as  follows:— 

"My  own  special  obserrational  objective,  for  instance,  was  to  determine  by 
accurate  measnremcnt  the  tme  position  of  the  brifibt  green  Kiie  in  the  apectram 
of  the  corona,  which  line  I  had  identified  in  1869  (probably  erroneonaly,  as  now 
appears)  with  the  ao-called  "1471"  line  of  tbe  chromosphere  spectrum.  In  1869, 
1870  and  1878 1  bad  not  the  least  difficnity  in  seeing  it  all  through  the  eclipse, 
and  did  not  dream  of  any  embarraaament  on  that  score  at  this  time.  Bnt  in  my 
iDStrnment,  an  "integrating  spectroscope"  which  showed  clearly  tbe  dark  1174 
line  in  the  spectmm  of  a  cloudy  sky,  I  failed  to  see  the  corona  line  at  sll;  and  my 
assistant,  with  essentially  tbe  same  instmment  that  I  used  in  1878,  canght  only 
a  glimpse  of  it,  too  faint  and  momentary  to  permit  any  measurement.  Tbe 
failure  to  photograph  it  was  leas  surprising,  aa  tbe  available  time  of  exposure 
was  verr  short. 

"The  flash-spectrum  observations  and  photographs  were  also  many  of  tbem 
failures,  bnt  there  were  some  ■nccesses,  and  when  we  get  the  lull  reports  of  the 
Johns  Hopkins  photographs,  and  of  those  obtained  with  Sir  Norman  Lockyer's 
twenty-foot  prismatic  camera,  and  of  several  other  parties  on  both  sides  of  tbe 
Atlantic,  we  may  find  that  considerable  advance  has  been  made  in  onr  knowl- 
edge of  the  constitution  and  characteristics  of  this  most  interesting  and  signifi- 
cant spectrum,  especially  as  to  its  ultra-violet  regions.  For  these  reports  we 
shall,  however,  have  to  wait  til]  November  at  least,  and  perhaps  mncfa  longer. 
Tbe  study  and  measurement  under  the  microscope  of  snch  complicated  photo- 
graphs is  a  time-consuming  process. 

"There  can  be  no  donbt  that  the  experiepce  gained  on  this  occasion  will 
be  of  tbe  greatest  value  to  the  fortnnate  observers  of  the  eclipse  of  next  May, 
when  tbe  totality  will  last  more  than  six  minutes,  and  when  it  is  expected  that 
the  solar  energies  will  have  begun  to  resume  their  usual  activity. 

"The  "intra-Mercurial  planet"  photographic  camftaign,  instituted  by  Profes- 
sor W.  H.  Pickering,  seems  to  have  been  a  failure.  Ths  shortness  of  totality  was 
sncb  as  to  make  success  more  than  doubtful  from  tbe  outset  on  account  of  neces- 
sary limitation  of  exposure,  and  the  brightness  of  the  sky.  Next  year  these 
difficulties  will  vanish. 

"Professor  Tnmer,  of  Oxford,  was  quite  successful  in  bis  pbotograhic  stndy 
of  the  polarization  of  tbe  light  of  the  corona.  He  pursued  a  method  snbataoti- 
ally  like  that  used  by  Professor  Wright  in  1878,  but  with  improvements.  Tbe 
amount  of  reflected  light  in  tbe  corona  is  shown  to  be  very  considerable;  in  fact, 
it  seems  likely  that  on  this  occasion  the  principal  portion  of  tbe  light  waa  of  this 
character, the  gaseous  true  radiation  (which  produces  the  bright  lines  in  the 
corona-Spectrum)  having  been  relatively  very  feeble. 

"The  "shadow-bands,"  which  appear  for  about  a  mi  ante  and  a  half  just  before 
and  after  totality,  were  well  observed  at  several  stations.  It  seems  to  be  con- 
clusively shown  that  they  are  of  atmospheric  origin — a  phenomenon  closely  anal- 
gous  in  cause  and  nature  to  the  twinkling  of  the  stars,  and  due  to  the  passage  of 
the  light  through  moving  masses  of  air  of  unequal  density.  For  thdr  formation 
it  ia  necessary  that  tbe  light  should  come  from  a  line  of  star-like  points,  such  as 
the  narrow  crescent  of  tbe  Sun  when  almots  covered  by  tbe  Moon." 
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That  "  death  loves  a  shining  mark  "  is  once  more  exemplified  in 
the  case  of  Professor  Keeler.  His  life  exhibited  not  only  a  long 
array  of  worthy  accomplishments  bnt  a  brilliant  promise  for  the 
fbtnre.  In  the  very  prime  of  life  and  vigor  of  faculty,  with  all  the 
benefits  of  a  ripe  experience,  who  will  say  what  secrets  he  might 
not  have  wrested  from  the  universe  in  the  allotted  span  of  human 
life? 

What  a  loss  to  astronomy  and  the  scientific  world!  To  the 
Observatory  over  which  he  presided!  Bat  above  all,  what  a 
cruel,  crushing  loss  to  a  devoted  family ! 

Professor  Keeler  was  descended  from  New  England  stock  on 
both  sides.  His  first  American  ancestor  was  Ralph  Keeler,  who 
settled  in  Hartford,  Conn.,  in  1635.  His  father  was  Wm.  F. 
Keeler,  Paymaster  in  the  United  States  Navy,  and  an  officer  of 
the  original  "  Monitor." 

His  mother,  Anna  B.  Keeler,  is  still  living.  She  is  a  daughter 
of  Henry  Dutton,  former  Judge  of  the  Supreme  Court,  Governor 
of  Connecticut  and  Dean  of  the  Yale  Law  School. 

James  Edward  Keeler  was  bom  in  La  Salle,  111.,  September  10, 
1857.  He  was  one  of  four  children,  of  whom  only  one  sister  sur- 
vives. His  early  education  was  received  in  the  public  schools  of 
his  native  town.  In  November  1869  the  family  removed  to 
Mayport,  Florida,  where  his  studies  were  pursued  at  home. 

He  seems  to  have  evinced  early  in  life  adecided  mechanical  turn, 
and  a  fondness  for  the  natural  sciences.  It  is  not  evident  just 
^hat  turned  his  attention  to  astronomy,  but  in  all  probability 
it  ^as  almost  a  natural  selection  to  one  of  his  nature  and  tastes. 
The  first  reference  to  astronomical  matters  in  his  diary  is  under 
date  of  September  22, 1875,  as  follows:— 

"  After  sapper  went  up  in  the  lookout  and  took  the  altitude  of 
the  North  Star,  31°  05',  liable  to  inaccuracy  on  account  of  indis- 
tinct vision  through  the  sights  of  my  quadrant." 

About  a  month  later  he  writes — "  Concluded  to  get  a  two  inch 
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achromatic  andHayghenianocularformytelescope,"  Later  these 
optical  parts  were  ordered  and  his  telescope  constructed:  the 
mounting  being  of  the  alt-azimuth  form,  complete  with  tripod 
and  finder.  The  lenses  were  tested,  and  the  powers  of  his  eye- 
pieces were  determined. 

After  the  completion  of  his  telescope,  here  is  the  very  matter  of 
fact  way  in  which  he  describes  what  must  have  been  to  him  an 
exciting  moment— his  first  opportunity  to  test  his  instrument  on 
the  stars,  after  a  long  and  trying  cloudy  period,  during  which  he 
had  to  be  content  with  observing  terrestrial  objects: 

"  Directed  my  telescope  to  the  stars  and  saw  the  rings  of  Saturn 
for  the  first  time.  Could  not  see  any  satellites.  Observed  the 
gibbous  phase  of  Venus  with  difficulty."  The  following  nights 
were  spent  in  observing  a  long  list  of  objects. 

He  was  not  afraid  of  the  discomforts  incident  to  astronomical 
work,  for  we  find  him  rising  at  4:30  A.  M.  on  January  26th  foU 
lowing  to  observe  Jupiter,  and  continuing  until  stopped  by  the 
sun. 

His  attention  was  apparently  fastened,  for  in  1877  his  astro- 
nomical equipment  was  increased  by  the  addition  of  a  meridian- 
circle.  This  instrument  was  of  his  own  construction,  the  axis 
being  neatly  turned  from  cedar  wood,  into  which  the  telescope 
was  screwed.  Spider  threads  were  used,  and  illuminated  in  the 
usual  way  by  means  of  a  hollow  axis  and  a  diagonal  reflector. 
The  wooden  circle  was  made  up  of  sections,  the  graduations  be- 
ing on  paper.  With  this  instrument  and  an  ordinary  clock  he 
determined  the  places  of  some  of  the  brighter  stars  and  planets, 
and  the  latitude  of  his  observatory.  He  named  his  observatory 
the  "Mayport  Astronomical  Observatory."  His  observing  book 
contains  many  excellent  sketches  of  lunar  craters,  the  planets  and 
double  stars:  where  the  Components  of  the  latter  are  colored,  the 
colors  have  been  reproduced. 

His  telescope  and  tripod  complete  as  well  as  the  axis  and  tube 
of  his  meridian  circle,  have  been  preserved. 

A  very  pronounced  feature  in  all  his  work  was  the  painstaking 
care  exercised  in  everything  which  he  undertook,  even  to  his 
notes,  a  characteristic  which  is  strongly  marked  in  his  work  as 
an  amateur.  His  very  first  observations  show  the  true  scientific 
spirit  which  he  possessed,  recognizing  what  was  important  and 
recording  it  no  matter  how  seemingly  trivial,  omitting  the  super- 
fluous, and  going  straight  to  the  core  of  a  subject. 

In  the  winter  of  1877  he  entered  Johns  Hopkins  University, 
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graduating  in  1881  with  the  degree  of  Bachelor  of  Arts,  In  1882 
he  received  the  appointment  as  Graduate  Scholar  of  the  Universi- 
ty for  one  year. 

While  a  student  he  helped  defray  his  expenses  by  assisting  at 
the  lectures  and  in  the  laboratory,  and  by  making  computations 
for  some  of  the  almanacs. 

During  his  attendance  at  the  University  he  made  lasting  friend- 
ships  with  some  of  the  foremost  men  in  science,  and  through  them 
entered  seriously  into  astronomical  work. 

While  a  student  at  Johns  Hopkins  University  and  not  yet 
twenty-one  years  old  he  was  selected  as  a  member  of  the  party 
sent  out  by  the  United  States  Naval  Observatory  to  Central  City, 
Col.,  in  charge  of  Professor  Holden,  to  observe  the  total  solar 
eclipse  of  July  29,  1878.  The  report  of  his  observations  and  his 
drawing  of  the  corona  are  published  in  the  U.  S,  Naval  Observa- 
tory Report  of  that  eclipse. 

Immediately  after  his  graduation  he  was  engaged  by  Prof. 
Langley  as  assistant  at  the  Allegheny  observatory.  He  took 
part  at  once  in  the  preparations  which  Professor  Langley  was 
making  for  the  expedition  to  Mt.  Whitney,  Cal.,  to  determine 
anew  the  value  of  the  solar  constant.  The  expedition  left  Alle- 
gheny on  July  7,  1881,  returning  on  September  28.  The  condi- 
tions for  this  work  were  found  to  be  much  better  at  Mt.  Whitney 
than  at  any  of  the  stations  at  which  a  previous  determination 
had  been  made,  and  the  resulting  value  of  the  constant  is  there- 
fore reliable  in  proportion.  The  observations  at  Mt.  Whitney 
showed  that  the  absorption  of  beat  by  the  earth's  atmosphere 
was  much  greater  than  appeared  from  observations  made  at 
lower  levels.  A  full  account  of  this  expedition  and  of  the  results 
obtained  is  published  as  No.  XV  of  the  Professional  Papers  of  the 
Signal  Service. 

His  work  at  Allegheny  consisted  largely  in  work  with  the 
Bolometer  which  Professor  Langley  was  then  perfecting  and 
which  was  being  used  for  the  detection  and  measurement  of  heat 
radiations  from  the  celestial  bodies.  He  found  time  for  the  ob- 
servation of  other  phenomena,  notably  the  planets  and  the  tran- 
sit of  Venus  of  December  5,  1882.  He  independently  observed 
the  bright  spot  which  appeared  on  the  exterior  limb  of  Venus 
during  this  transit. 

In  1883  Mr.  Keeler  went  to  Germany  for  a  year  to  continue  his 
studies,  sailing  from  Baltimore  on  May  10,  on  the  S.  S.  "  Braun- 
schweig."    He  arrived  in  Bremen  on  the  24th  and  from  there 
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weot  to  Heidelberg  where  he  matriculated  at  the  University  on 
June  9.  His  principle  work  was  in  the  Physical  Laboratory 
under  Professor  Quincke  whose  lectures  on  the  Undulatory 
Theory  of  Light  he  attended.  He  also  attended  lectures  on 
Chemistry  by  Professor  Bunsen  and  on  Integral  Calculus  by 
Professor  Puchs. 

In  the  Pall  he  spent  a  month's  vacatioD  traveling  in  Italy,  visit- 
ing the  principal  cities  and  points  of  interest.  Upon  his  return 
from  Italy  he  went  to  Berlin,  entered  the  University  on  October 
lb.  Here  as  in  Heidelberg,  much  of  his  work  was  in  the  labora- 
tory. He  attended  lectures  by  von  Helmholtz,  Kayser,  Runge 
and  Glan.  On  June  4, 1884  he  sailed  from  Bremen  for  New  York, 
where  he  arrived  on  the  I4th. 

Returning  to  A.llegheny  in  August  he  resumed  his  work  at  the 
observatory  with  Professor  Langley,  where  be  remained  until 
1886. 

In  the  latter  year  he  came  to  California  as  Assistant  to  the 
Lick  Trustees,  and  took  up  his  residence  at  the  observatory, 
which  was  then  nearing  completion.  Arriving  at  Mt.  Hamilton 
on  April  25th,  he  immediately  began  the  installation  of  the  time 
service.  The  observatory  equipment  was  soon  in  order,  but 
owing  to  delays  in  the  construction  ol  the  telegraph  line  and  in 
furnishing  the  necessary  instruments,  the  regular  transmission 
of  signals  to  San  Jose  did  not  commence  until  January  1,  1887. 
Besides  the  work  connected  with  the  time  service,  he  made 
observations  with  such  other  ol  the  instruments  as  were  then 
in  readiness. 

Upon  the  formal  transfer  of  the  Observatory  to  the  Regents  of 
the  University  in  June  1888,  Professor  Keeler  was  appointed 
Astronomer. 

His  ingenuity  devised  many  valuable  devices  and  improve- 
ments about  the  observatory.  One  of  these  in  the  time-service 
consisted  of  a  new  break-circuit  attachment  for  the  Hohwu 
clocks  and  is  in  use  yet.  Upon  the  completion  of  the  36-inch 
refractor  he  devised  a  magnetic  control  for  its  driving  clock,  ior 
use  especially  in  photography  where  accurate  following  was 
necessary.  By  means  of  this  attachment  the  driving  clock  was 
controlled  by  one  of  the  standard  clocks  and  almost  perfect  co- 
incidence was  obtained  without  any  jarring. 

The  first  spectroscope  for  the  great  equatorial  was  designed  by 
him.  At  that  time  photography  had  not  established  itself  in  this 
department  of  astronomical  research,  and  the  instrument  was 
therefore  planned  for  visual  observations  only.    With  it  all  the 
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spectroscopic  work  ap  to  1894  was  done,  wheo  new  conditions 
and  new  reqairements  entered  the  problem. 

The  Lick  Observatory  nndertook  to  establish  a  standard  meri- 
dian line  for  Santa  Clara  coanty.  This  work  was  successfully 
accomplished  by  Professor  Keeler  in  August  1889. 

On  January  1, 1889,  a  total  eclipse  of  the  Sun  occurred  which 
was  visible  in  California.  The  belt  of  totality  passed  across  the 
state  about  150  miles  north  of  Mt.  Hamilton.  A.n  expedition 
was  sent  out  from  the  Lick  Observatory  in  charge  of  Professor 
Keeler,  The  eclipse  station  wfis  established  at  Bartlett  Springs  in 
Lakecountyand  a  successful  program  carried  through,  Professor 
Keeler's  portion  consisting  in  repeating  the  spectroscopic  observa- 
tions  made  by  Professor  Hastings  in  1883  in  the  Caroline  Islands. 
The  full  report  of  this  eclipse  is  published  as  No.  1  of  the  Contri- 
butions irom  tbe  Lick  Observatory. 

lo  Febmary  of  the  same  year  Professor  Keeler  determined  the 
position  of  the  eclipse  station  at  Norman,  Colusa  county, 
occupied  by  Professor  Pritchett's  party  from  Washington  Uni- 
versity- 
Professor  Keeler's  work  has  been  largely  of  a  physical  nature 
probably  the  result  of  early  associations  and  training. 

As  soon  as  the  36-inch  refractor  was  completed  and  before  a 
suitable  spectroscope  could  be  provided  much  of  his  time  was 
given  to  visual  and  micrometrical  observation  of  the  planets. 
Being  a  skilled  artist  he  undertook  the  delineation  of  planetary 
details,  securing  excellent  series  of  Mars,  Jupiter  and  Saturn.  Be< 
sides  these  many  observations  were  made  of  the  other  planets 
and  especially  of  the  form  of  and  the  markings  on  the  satellites 
of  Jupiter. 

He  was  in  charge  of  the  spectroscopic  work,  and  as  soon  as 
possible  began  systematic  researches  in  this  line.  In  his  obser- 
vations of  the  spectra  of  the  nebulae  he  early  suspected  that  tbe 
discordances  between  the  positions  obtained  for  the  chief  nebular 
line  in  ditferent  nebulae  could  not  be  explained  by  supposing 
them  to  be  due  to  instrumental  causes,  or  to  uncertainties  in  the 
observations.  By  a  carefiil  investigation  he  proved  conclusively 
that  these  apparent  discrepancies  were  due  to  motions  of  the 
nebuls  in  tbe  line  of  sight,  and  hence  that  the  same  conditions 
of  motion  that  existed  among  the  stars  also  existed  among  the 
nebulfe.  Previous  to  this  the  observations  of  this  character  had 
not  been  of  sufficient  accuracy  to  disclose  this  fact. 

On  June  1, 1891  he  resigned  his  post  as  Astronomer  in  tbe  Lick 
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Observatory  to  accept  the  position  of  Professor  of  Astrophysics 
in  the  Western  University  of  Pennsylvania  and  Director  of  the 
Allegheny  Observatory,  succeeding  Professor  Langley. 

His  services  at  the  Lick  Observatory  were  so  highly  prized  as 
to  call  forth  the  fqllowing  resolution  from  the  Regents  of  the 
University: — 

Resolved,  that  in  accepting  the  resignation  of  Mr.  Keeler,  the 
Regents  desire  to  express  their  high  appreciation  of  his  astro- 
nomical work  at  the  Lick  Observatory  and  that  they  wish  him 
every  success  in  his  new  position," 

During  his  directorship  at  Allegheny  his  time  was  largely  de- 
voted to  spectroscopic  observations  of  the  stars  by  means  of 
photography,  using  a  spectrograph  of  his  own  designing. 

His  adaptation  of  the  spectroscope  to  the  problem  of  determin- 
ing the  character  of  Saturn's  Ring  was  most  ingenious.  Clerk 
Maxwell  had  shown  a  third  of  a  century  before,  from  mathemat- 
ical considerations,  that  this  appendage  of  the  planet  must  con- 
sist of  a  multitude  of  small  bodies,  each  revolving  in  its  own  orbit. 
The  instrumental  proof  was  lacking,  however,  until  April  1895 
when  Professor  Keeler  with  his  new  spectrograph  attached  to 
the  13-inch  equator  al  of  the  Allegheny  Observatory,  succeeded 
io  obtaining  photographs  of  the  planet's  spectrum  of  such  ex- 
cellence that  the  relative  motions  of  different  portions  of  the 
Ring  were  disclosed  at  once.  The  observed  motions  accorded  per- 
fectly with  the  theory.  An  accurate  measurement  and  reduction 
of  the  displacements  of  the  lines  showed  wonderful  agreement 
with  those  computed  from  the  known  dimensions  of  the  system. 

In  March  1898,  Professor  Keeler  was  elected  Director  of  the 
Lick  Observatory  to  fill,  the  vacancy  caused  by  the  resignation  of 
Professor  Holden.    He  assumed  the  duties  of  his  office  on  June  1. 

Early  in  the  present  summer  he  contracted  a  heavy  cold  which 
obliged  him  to  give  up  observing  for  a  time  and  to  place  himself 
nnder  the  care  of  a  physician.  His  condition  was  not  considered 
at  all  serious,  however.  The  last  of  July  he  went  to  San  Jos^  for 
treatment,  and  then  to  Lake  county  with  his  family  for  a  short 
vacation.  Not  feeling  so  well  there,  he  returned  to  San  Francisco, 
accompanied  by  Mrs.  Keeler.  On  August  10th,  while  en  route, 
he  suffered  a  light  stroke  of  appopkxy  and  on  August  12th  came 
the  fatal  stroke.  He  had  apparently  been  subjecttoheartdisease 
for  many  years. 

Prof.  Keeler  was  married  at  Oakley  Plantation,  Louisiana, 
June  16,  1891,  to  Miss  Cora  Slocomb  Matthews,  daughter  of 
William  Wilson  and  Isabel  Matthews,  and  niece  of  the  wife  of 
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Captain  R.  S.  Floyd,  President  oithe  Lick  trustees,  Mrs.  Keeler 
and  two  children,  Henry  Bowman  and  Cora  Floyd,  survive  him. 

The  crowning  work  of  his  life  was  undoubtedly  his  skillful  ad- 
ministration of  the  Lick  Observatory  and  his  monumental  work 
with  the  Crossley  Reflector.  Upon  taking  charge  of  the  Lick  Ob- 
servatory, he  made  this  instrument  his  especial  care,  determined 
to  see  what  its  possibilities  were.  He  went  about  hia  task  with 
that  care  and  deliberateness  which  characterized  all  his  investiga- 
tions. After  making  a  careful  examination  and  trial  of  the 
instrument,  its  defects  were  one  by  one  eliminated  unttlthe  results 
were  of  the  highest  possible  excellence.* 

The  first  photograph  was  taken  on  September  15,  1898  and 
was  for  experimental  purposes  only.  By  November  4  the  instru- 
ment was  in  condition  and  regular  work  was  begun.  The  first 
object  photographed  was  Brooks'  Comet,  of  which  a  consider- 
able series  was  secured.  On  November  16,  1898  a  photograph  of 
the  Orion  Nebula  was  secured  which  Professor  Keeler  pronounced 
"superb."  During  this  time  improvements  were  still  being  made: 
subsequently  the  changes  and  additions  were  slight,  although 
continuing  as  long  as  the  instrument  was  used. 

He  became  very  much  attached  to  the  Reflector  and  often  spoke 
affectionately  of  it,  believing  thoroughly  in  its  power  as  a  photo- 
graphic instrument.  His  first  thought  was  that  it  would  be 
most  efficient  in  the  spectroscopic  field.  The  first  trials  were 
made,  however,  with  the  instrument  as  an  ordinary  photogra- 
phic telescope,  and  during  these  its  great  efficiency  in  showing 
the  structure  of  the  nebulae  determined  him  to  explore  this  field 
more  thoroughly.  This  work  was  in  progress  at  the  time  of  his 
death.  The  work  already  done  in  this  direction  has  led  to  some 
very  far-reaching  conclusions,  e.  g.,  the  immense  number  of  faint 
nebulae  yet  undiscovered;  and  of  more  importance,  the  preva- 
lence of  the  spiral  structure  among  these  bodies.  Notwithstand- 
ing the  magnitude  of  the  work  in  hand  he  did  not  lose  sight  of 
the  spectroscopic  problems.  The  ease  with  which  a  photograph- 
ic impression  was  secured  of  the  central  star  in  the  Annular  Neb- 
ula in  Lyra  suggested  to  him  the  possibility  of  photographing  the 
spectra  o(  such  faint  objects  on  a  small  scale.  To  this  end  he  de- 
signed a  slitless  spectrograph  to  be  used  with  the  Crossley 
Reflector  for  this  especial  purpose.    An  instrument  after  these  de- 

'  Tht  }unv  number  of  the  Astrophvs'Cfil Journal  contains  a  verj  complete  ac- 
connt  of  the  work  with  the  Crowley  Kcficccor  by  Professor  Keeler.  This  article 
will  also  be  repriotrd  in  the  Publications  ot  the  Astronomical  Society  of  the 
Pacific. 
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signs  -rcas  constmcted  at  the  obserTatoiy  but  not  completed  in 
time  for  him  to  use.    An  early  trial  of  tt  will  be  made. 

Arrangements  have  been  made  to  continue  the  work  which 
Professor  Keeler  began  with  the  Crossley  Reflector,  and  the  first 
efforts  will  be  devoted  to  completing  the  program  which  he  bad 
under  way  —  that  of  photographing  all  the  brighter  nebulae 
within  reach  of  the  telescope.  In  the  prosecution  of  this  work 
two  new  asteroids  were  found  on  the  negatives  by  Professor 
Keeler.  One  at  least  of  these  was  so  faint  that  it  could  not  be 
seen  with  certainty  in  the  large  refractor. 

Professor  Keeler  was  affiliated  with  many  of  the  m6st  promi> 
nent  scientific  societies.  He  was  a  member  of  the  National  Acad- 
emy of  Sciences ;  Fellow  of  the  American  Association  for  the 
Advancement  of  Science;  Associate  of  the  American  Academy  of 
Arts  and  Sciences ;  Fellow  of  the  American  Philosophical  Society ; 
Honorary  Member  of  the  Astronomical  and  Physical  Society  of 
Toronto ;  Fellow  and  Foreign  Associate  of  the  Royal  Astronom- 
ical Society ;  Member  and  Councilor  of  the  Astronomical  and 
Astrophysical  Society  of  America ;  Member  and  President  of  the 
Astronomical  Society  of  the  Pacific,  and  others.  He  was  Presi- 
dent of  the  Academy  of  Science  and  Art  of  Pittsburgh,  1897-  98. 

Professor  Keeler  was  associate  editor  of  ^stronom.F  and  Astro- 
physics 1892-94.  and  editor  ( with  Professor  George  E.  Hale )  of 
the  Astrophysical  Journal  since  its  establishment  in  1 896. 

As  the  "expert  agent"  required  by  the  contract  with  Alvan 
Clark  &  Sons,  Professor  Keeler  was  invited  by  Professor  Hale  to 
test  the  objective  for  the  40-incb  Yerkes  telescope  in  1895. 
^  At  the  dedication  of  the  Yerkes  Observatory  Professor  Keeler 
delivered  one  of  the  addresses. 

In  1893  the  University  of  California  conferred  upon  him  the 
degree  of  Sc.  D.  in  recognition  of  his  scientific  work. 

In  1898  he  was  awarded  the  Rumford  medals  by  the  American 
Academy  of  Arts  and  Sciences  "for  his  application  of  the  spectro- 
scope to  astronomical  problems,  and  especially  for  his  investiga- 
tions of  the  proper  motions  (line  of  sight  motions)  of  the  nebulae, 
and  the  physical  constitution  of  the  rings  of  the  planet  Saturn, 
by  the  use  of  that  instrument."  At  the  annual  meeting  of  the 
National  Academy  of  Sciences  held  in  Washington,  April  18-20, 
1899,  the  Henrj  Draper  gold  medal  was  awarded  to  Professor 
Keeler. 

Professor  Keeler  was  a  broad  and  liberal  minded  man,  and 
made  an  ideal  director.    Tactful  and  judicious  in  dealing  with 
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men  he  harmonized  all  interests  and  had  the  fullest  confidence 
of  everyone.  He  took  the  greatest  interest  in  each  man's  work, 
giving  eaconragement,  famishing  every  assistance,  and  a11ow> 
ing  the  freest  possible  hand.  In  illustration  of  his  modesty  it  is 
said  of  him  that  when  discussing  the  work  of  the  Observatory, 
he  would  speak  enthusiastically  of  the  successes  of  his  associates 
without  even  referring  to  bis  own. 

One  of  his  greatest  ambitions  was  to  secure  some  time  an  en- 
dowment  for  the  Lick  Observatory,  sufficient  for  all  its  needs. 

Though  quiet  and  studious  in  his  tastes  he  wasgenial  and  kind- 
ly and  had  also  many  close  friends  outside  of  scientific  circles. 
Especial  mention  should  be  made  of  Mr.  William  Thaw's  kind  in- 
terest and  helpfulness  in  advancing  Professor  Keeler's  career 
when  he  knew  him  as  a  young  man — an  interest  which  Mrs. 
Thaw  and  hev  family  continued  to  show  in  subsequent  years. 

We  mourn  not  only  for  an  able  executive  and  a  man  of  the 
highest  motives,  bat  for  a  staunch  personal  friend  and  adviser, 
and  a  cheery  companion. 

Mt.  Hamilton,  California, 
1900  September  13. 


ASTRONOMY  * 

DR.  A.  A.  COMMON. 


It  has  been  decided  to  form  a  Department  of  Astronomy  under 
Section  A,  and  I  have  been  requested  to  give  an  address  on  the 
occasion.  In  looking  up  the  records  of  the  British  Association 
to  see  what  position  .Astronomy  has  occupied,  I  was  delighted 
to  find  in  the  very  first  volume,  "A  Report  on  the  Progress  of 
Astronomy  during  the  Present  Century,"  made  by  the  late  Sir 
George  Airy,  so  many  years  our  Astronomer  Royal,  and  at  that 
time  Plnmian  Professor  of  Astronomy  at  Cambridge.  This  re- 
port, made  et  the  second  meeting  of  the  Association,  describes  in 
a  most  interesting  manner,  the  progress  that  was  made  during 
the  first  third  ofthecentury,  and  we  can  gather  from  itthestateof 
astronomical,  matters  at  that  time.  The  thought  naturally 
occurred  to  me  to  give  a  report,  on  the  same  lines  to  the  end  of 
this  century,  but  a  little  consideration  showed  that  it  was  im- 

•  Opening  AddrcM  hy  Dr.  A.  A.  Common,  F.  R.  S.,  F.  R.  A.  H.,  Chairman  of 
the  Department  of  Astronom;.  at  the  Bradford  meeting  ol  the  British  AMOcia- 
tion  for  the  Advancemeat  of  Sckace. 
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possible  in  the  limited  time  at  my  disposal  to  give  more  than  a 
bare  outline  of  the  progress  made. 

At  the  time  this  report  was  written  we  maj  say,  in  a  general 
way,  that  the  astronomy  of  that  day  concerned  itself  with  the  po- 
sition of  the  heavenly  bodies  only,  and,  except  for  the  greater  pre- 
cision of  observation  resulting  from  better  instruments  and  the 
larger  number  of  observatories  at  work,  this,  the  gravitational 
side  of  astronomy,  remains  much  as  it  was  in  Airy's  time. 

What  has  been  aptly  called  the  New  or  Physical  Astronomy  did 
not  then  exist.  1  propose  to  briefly  compare  the  state  of  things 
then  existing  with  the  present  state  of  the  science,  without 
dealing  very  particularly  with  the  various  causes  operating  to 
produce  the  change;  to  allude  briefly  to  the  new  astronomy;  and 
to  speak  rather  fully  about  astronomical  instruments  generally, 
and  of  the  lines  on  which  it  is  most  probable  that  future  develop- 
ments will  be  made. 

In  this  report  (Brit.  Assoc.  Report,  1831-32,  p.  125)  we  find 
that  at  the  beginning  of  the  century  the  Greenwich  Observatory 
was  the  only  one  in  which  observations  weremade  upon  a  regular 
system.  The  thirty-six  stars  selected  by  Dr.  Maskelyne,  and  the 
Sun  and  the  Moon,  were  observed  on  the  meridian  with  great 
regularity,  the  planets  very  rarely  and  only  at  particular  parts 
of  their  orbits;  small  stars,  or  stars  not  included  in  the  thirty-six, 
were  seldom  observed. 

This  state  of  affairs  was  no  doubt  greatly  improved  at  the 
epoch  of  the  report,  but  it  contrasts  strongly  with  the  present 
work  at  Greenwich,  where  5,000  stars  were  observed  in  1899,  in 
addition  to  the  astrographic,  spectroscopic,  magnetic,  meteoro- 
logical and  other  work. 

Many  observatories,  of  great  importance  since,  were  about 
that  time  founded,  those  at  Cambridge,  Cape  of  Good  Hope  and 
Paramatta  having  just  been  started.  A  list  is  given  of  the  public 
observatories  then  existing,  with  the  remark  that  the  author  is 
"unaware  that  thereis  any  public  Observatory  in  America,  though 
there  are,"  he  says,  "some  able  observers." 

The  progress  made  since  then  is  truly  remarkable.  The  first 
public  Observatory  in  America  was  founded  about  the  middle  of 
the  century,  and  now  public  and  private  observatories  number 
about  150,  while  the  instrumental  equipment  is  in  many  cases 
superior  to  that  of  any  other  country.  The  prophetic  opinion  of 
Airy  about  American  observers  has  been  fully  borne  out.  The 
discovery  of  two  satellites  to  Mars  by  Hall  in  1877,  of  a  fifth 
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satellite  to  Jupiter  by  Barnard  in  1892,  and  the  discovery  of  Hy- 
perion by  Bond,  simultaneous  with  Lassell,  in  1848,  are  notable 
acfaievements. 

The  enormous  amount  of  work  turned  out  by  the  Harvard  Obser- 
vatory  and  its  branches  in  South  America,  all  the  photographic  and 
spectroscopic  work  carried  out  by  many  diflferent  astronomers, 
and  the  new  lines  of  research  initiated  show  an  amount  of 
enthusiasm  not  excelled  by  any  other  country.  A  greater  por- 
tion of  the  astronomical  work  in  America  has  been  on  the  lines 
of  the  new  astronomy,  but  the  old  astronomy  has  not  been  at 
all  neglected.  In  this  branch  pace  has  been  kept  with  other 
countries. 

From  this  report  we  gather  that  the  mural  quadrant  at  most 
of  the  observatories  was  about  to  be  replaced  by  the  divided 
circle.  Troughton  had  perfected  a  method  of  dividing  circles, 
which,  as  the  author  says,  "may  be  considered  as  the  greatest 
improvement  ever  made  in  the  art  of  instrument  making." 

Two  refractors  of  11  and  12-inches  aperture  had  just  been  im- 
ported into  this  country;  clockwork  for  driving  had  been  applied 
to  the  Dorpat  and  Paris  equatorials.but  the  author  had  not  seen 
either  in  a  state  of  action. 

The  method  of  mounting  instruments  adopted  by  the  Germans 
was  rather  severely  criticised  by  the  author,  thegeneral  principle 
of  their  mounting  being  "telescopes  are  always  supported  at  the 
middle,  not  at  the  ends." 

"Every  part  is,  if  possible,  supported  by  counterpoises," 

"To  these  principles  everything  is  sacrificed.  For  instance,  in 
an  equatorial  the  polar  axis  to  be  supported  in  the  middle  by  a 
counterpoise.  This  not  only  makes  the  instrument  weak  (as  the 
axis  must  be  single),  but  also  introduces  some  inconvenience  into 
the  use  of  it.  The  telescope  is  on  one  sideof  the  axis;  on  the  other 
side  is  a  counterpoise.  Each  end  of  the  telescope  has  a  counter- 
poise. A  telescope  thus  mounted  must,  I  should  think,  be  very 
liable  to  tremor.  If  a  person  who  is  no  mechanic  and  who  has 
not  used  one  of  these  intrumeuts  may  presume  to  give  an  opinion, 
I  should  say  that  the  Germans  have  made  no  improvement  in  in- 
struments except  in  the  excellence  of  the  workmanship." 

I  have  no  doubt  that  this  question  had  often  occupied  Airy's 
mind,  for  in  the  Northumberland  Equatorial  telescope  which  he 
designed  shortly  after  for  Cambridge  he  adopted  what  has  been 
called  the  English  form  of  mounting,  where  the  telescope  is  sup- 
ported by  a  pivot  at  each  side,  and  a  long  polar  axis  is  sup- 
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ported  at  each  end.  This  telescope  is  in  working  order  at  the 
present  time  at  Cambridge. 

When  he  became  Astronomer  Ro^al  be  used  the  same  design 
for  what  was  for  many  years  the  great  equatorial  at  Greenwich, 
though  the  wooden  aprigbts  forming  the  polar  axis  were  in  the 
Greenwich  telescope  replaced  by  iron.  It  says  much  for  the  ex- 
cellence of  the  design  and  workmanship  of  this  mounting,  de- 
signed as  it  was  for  an  object-glass  of  about  13  inches  diameter, 
when  we  find  the  present  Astronomer  Royal,  Mr.  Christie,  has 
used  it  to  carry  a  telescope  of  28  inches  aperture,  and  that  it  does 
this  perfectly. 

Notwithstanding  the  greater  steadiness  of  the  English  form  of 
mounting,  the  German  form  has  been  adopted  generally  for  the 
mounting  of  the  large  refractors  recently  made. 

There  is  much  interesting  matter  io  this  report  of  an  historical 
character. 

As  I  have  already  said,  the  New  Astronomy,  as  we  know  it, 
did  not  exist;  but  in  a  report  {Brit.  Assoc.  Report,  1831-32,  p. 
308)  on  optics,  in  the  same  volume,  by  Sir  David  Brewster,  we 
find  that  spectrum  analysis  was  then  occupying  attention,  and 
the  last  paragraph  of  this  report  is  well  worth  quoting :  "Bnt 
whatever  hypothesis  be  destined  to  embrace  and  explain  this 
class  of  phenomena,  the  fact  which  I  have  mentioned  opens  an 
extensive  field  of  inquiry.  By  the  aid  of  gaseous  absorbent  we 
may  study  with  the  minutest  accuracy  the  action  of  the  elements 
of  material  bodies  in  all  their  variety  of  combinations,  upon  de- 
finite and  easily  recognized  rays  of  light,  and  we  may  discover 
cunoas  analogies  between  their  affinities  and  those  which  pro- 
duce the  fixed  lines  in  the  spectra  of  the  stars.  The  apparatus, 
however,  which  is  requisite  to  carry  on  such  inquiries  with  suc- 
cess cannot  be  procured  by  individuals,  and  cannot  even  be  used 
in  ordinary  apartments.  Lenses  of  large  diameter,  accurate 
heltostats,  and  telescopes  of  large  aperture  are  absolutely  neces- 
sary for  this  purpose;  but  with  such  auxiliaries  it  would  be  easy 
to  construct  optical  combinations,  by  which  the  defective  rays  in 
the  spectra  of  all  the  fixed  stars  down  to  the  tenth  magnitude 
might  be  observed,  and  by  which  we  might  study  the  effects  of 
the  very  combustion  which  lights  up  the  suns  of  other  systems." 

Brewster's  words  are  almost  prophetic,  and  it  would  almost 
appear  as  if  he  unknowingly  held  the  key  to  the  elucidation  of 
the  spectrum  tines,  for  it  was  not  antil  1869  that  Kirchhoff's 
discovery  of  the  true  origin  of  the  dark  lines  was  made. 
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Fraunbofer  was  the  first  to  observe  the  spectra  of  the  planets 
and  the  stars,  and  to  notice  the  different  types  of  stellar  spectra. 
In  1817  be  recorded  the  spectram  of  Veiius  and  Sirius,  and  later, 
in  1823,  be  described  the  spectrum  of  Mars;  also  Castor,  Pollux, 
Capella,  Betelgeux  and  Procyon. 

Fraunbofer,  Lamont,  Donati,  Brewster,  Stokes,  Gladstone  and 
others  carried  on  their  researches  at  a  time  when  the  principles 
of  spectrum  analysis  were  unknown, butimmediatelyuponKirch- 
ofiTs  discovery  great  interest  was  awakened. 

With  spectrum  analysis  thus  established,  aided  as  it  was  later 
by  the  greater  development  of  photography,  the  New  Astronomy 
was  firmly  established. 

The  memorable  results  arrived  at  by  Kircbhoff  were  no  sooner 
published  than  they  were  accepted  without  dissent.  The  works 
of  Stokes,  Poucault  and  Angstrom  at  that  period  were  all  sog- 
gestive  of  the  truth,  but  do  not  mark  an  epoch  of  discovery. 

Astronomical  spectroscopy  divided  itself  naturally  into  two 
main  branches,  the  one  of  the  Sun,  the  other  of  the  stars,  each 
having  its  many  oETshoots.  I  shall  mention  a  few  points  relating 
to  each.  The  dark  lines  in  the  solar  spectrum  had  already  been 
mapped  by  Fraunbofer,  and  now  it  only  needed  better  instru- 
ments and  the  application  of  laboratory  spectra  with  Kirch- 
boff's  principle  to  advance  this  work  still  further. 

Fraunbofer  had  already  pointed  out  the  way  in  using  gratings 
and  these  were  further  improved  by  Nobert  and  Rutberfurd. 

KirebhofiPs  Map  of  the  Solar  Spectrum,  published  in  1861-62, 
was  the  most  complete  up  to  that  time;  but  the  scale  of  reference 
adopted  by  him  was  an  arbitrary  one  so  thatit  was  not  long  be- 
fore this  was  improved  upon.  Angstr5m  published  in  1868  bis 
map  of  the  "Normal  Solar  Spectrum,"  adopting  the  natural  scale 
of  wave-lengths  for  reference,  and  this  remained  in  use  until  quite 
recent  times. 

The  increased  eiccuracy  in  the  ruling  of  gratings  by  Rutber- 
furd materially  improved  the  efficiency  of  the  solar  spectroscope, 
bat  it  was  not  until  Prof.  Rowland's  invention  of  the  concave 
grating  that  this  work  gained  any  decisive  impetus.  The  maps 
(first  published  in  1885)  and  tables  (published  in  the  years  1896- 
98)  ofthe  lines  ofthe  solar  spectrum  are  now  almost  uaiversalty 
accepted  and  adopted  as  a  standard  of  reference.  These  tables 
alone  record  about  10,000  lines  in  the  spectrum  of  the  sun, 
which  is  in  marked  contrast  to  the  number  7  recorded  by  Wollis- 
ton  at  the  beginning  of  the  century  (1802).    Good  work  in  the 
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production  of  maps  has  also  been  done  in  this  coantry  by  Higgs. 

Michelson  has  also  recently  invented  a  new  form  of  spectro- 
scope called  the  "Echelon"  (Asc.  Pbys.  Journal,  vol.  viii,  1898, 
p.  37),  in  which  a  grating  with  a  relatively  small  number  of  Jinesis 
employed,  the  dispersion  necessary  for  modem  work  being 
obtained  by  using  a  high  order  (say  the  hundredth)  into  which 
most  of  the  light  has  been  concentrated. 

Besides  lines  recorded  in  the  visual  and  ultra-violet  portions  of 
the  solar  spectrum,  maps  have  been  made  of  the  lines  in  tbeinfra- 
red,  the  most  important  being  that  of  Langley's  published  in 

1894,  prepared  by  the  use  of  his  "bolometer."  Good  work  had, 
however,  been  done  in  this  direction  previously  by  Becqnerel, 
Lamansky,  and  Abney;.the  last,  indeed,  succeeded  even  in  photo* 
graphing  a  part  of  it. 

The  recording  of  the  Fraunhofer  lines  in  the  solar  spectrum  ia 
not  ail,  however.  The  application  of  the  spectroscope  to  the  sun 
has  several  epoch  marking  events  attached  to  it,  notably  thoseof 
proving  the  solar  character  of  the  prominences  and  corona,  the 
rendering  visible  the  prominences  without  the  aid  of  an  eclipse 
by  the  discovery  of  Lockyer  and  Jansen  in  1868,  the  photog- 
raphy of  the  prominences  both  round  the  limb  and  those  pro- 
jected on  the  solar  disc  by  the  invention  of  the  spectra-heliograph 
by  Hale  and  Deslandres  in  1890. 

Success  has  not  yet  favored  the  many  attempts  to  photograph 
the  corona  without  an  eclipse  by  spectroscopic  means;  but  even 
now  this  problem  is  being  attacked  by  Deslandres  with  the  em- 
ployment of  calorific  rays, 

Spectroscopic  work  oo  the  sun  has  led  to  the  discovery  of  many 
hundreds  of  dark  lines,  the  counterparts  of  which  it  has  not  yet 
been  possible  to  produce  on  the  earth. 

But  besides  those  unknown  substances  which  reveal  their  pres- 
ence by  dark  lines,  there  were  two  others  discovered,  which 
showed  themselves  only  by  bright  lines,  the  one  in  the  chromo- 
sphere, to  which  the  name  of  Helium  was  given,  and  the  other  in 
the  corona,  to  which  the  name  of  Coronium  was  applied. 

The  former  was,  however,  identified  terrestrially  by  Ramsay  in 

1895,  though  the  latter  is  still  undetermined.  The  revision  of  its 
wave-length,  brought  about  by  the  observations  of  the  eclipse  of 
1898,  may,  however,  result  in  this  element  being  transferred  from 
the  unknown  to  the  known  in  the  near  future. 

The  study  of  stellar  spectra  was  taken  up  by  Huggins,  Ruther- 
ford and  Secchi.    Rutherford  (Am.  Journal,  vol.  zxzv.  1862,  p. 
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77)  published  in  1862  his  results  upon  a  number  of  stars,  and 
suggested  a  rough  classification  of  the  white  and  yellow  stars: 
but  Secchi  deserves  the  high  credit  of  introducing  the  first  sys- 
tematic differentiation  of  the  stars  according  to  their  spectra,  be 
having  begun  a  spectroscopic  survey  of  the  heavens  for  the  pur- 
poses of  classification  (Comptes  readas,  t,  Ivii,  1853),  whilst 
Huggins  devoted  himself  to  the  thorough  analysis  of  the  spectra 
of  a  few  stars. 

The  introduction  of  photography  marks  another  epoch  in  the 
study  of  stellar  spectra.  Sir  William  Huggins  applied  photog- 
raphy as  early  as  1863  ( PbU.  Traaa.  1864,  p.  428),  'and  secured 
an  impression  of  the  spectrum  of  Sirius,  but  nearly  another 
decade  elapsed  before  Prof.  H,  Draper  (Am.  JoamalofSci.  aad 
Arts,  vol.  xviii,  1879,  p.  421)  took  a  photograph  of  the  spectrum 
of  Vega  in  1872,  wrhich  was  the  first  to  record  any  lines.  With 
the  introduction  of  dry  plates  this  branch  of  the  New  Astronomy 
received  another  impetus,  and  catalogues  of  stellar  spectra  have 
now  become  numerous.  Among  them  may  be  mentioned  thoseof 
Harvard  College,  Potsdam,  Lockyer,  McClean  and  Huggins. 
The  Draper  Catalogue  (Annals  Harvard  Coll..  vol.  xxvii.  1890) 
of  the  Harvard  College,  which  is  a  spectroscopic  Durchmusterung, 
alone  contains  the  spectra  of  10351  stars  down  to  the  7-8 
magnitudes,  and  this  has  further  been  extended  by  work  at 
Arequipa,  whilst  Vogel  and  Muller  of  Potsdam  Astro-Pbys.  Obs. 
za  Potsdam,  vol.  iii  1882-83)  made  a  spectroscopic  survey  of  the 
«tar3  down  to  the  7'5  magnitude  between -1°  and  +20°  declin- 
ation. This  has  again  been  supplemented  by  Scheiner  {ibid.,  vol 
vii.l895;"Untersuchungenuber  die  Spectra  des  hellerem  Sterne"), 
and  by  Vogel  and  Wilsing  {ibid.,  vol.  xii.  1899;  "Unterauchungen 
nber  die  Spectra  von  528  Stemen").  Lockyer  {Pbil.  Trans.,  vol. 
clxxxiv.  A,  1893)  in  1892  published  a  series  of  large  scale  photo- 
graphs of  the  brighter  stars,  and  more  recently  McClean  {Phil. 
Trans.,  vol.  cxci.  A,  1898)  has  conpleted  a  spectroscopic  survey 
of  the  stars  of  both  hemispheres  down  to  the  SYs  magnitude. 
For  the  study  and  investigation  of  special  types  of  stars,  the  re- 
searches of  Dun^r  on  the  red  stars,  made  at  Upsala,  and  those  of 
Keeler  and  Campbell  on  the  bright-line  stars,  made  at  the  Lick 
Observatory,  deserve  mention.  For  the  study  of  stellar  spectra 
the  use  of  prisms  in  slit  or  objective-prism  spectroscopes  has  pre- 
dominated, though  more  recently  the  use  of  specially  ruled  grat- 
ings has  been  attended  by  some  degree  of  success  at  the  Yerkes 
Observatory. 
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Several  new  stars  have  also  beea  discovered  bv  their  spectra 
by  Pickering  in  bis  rontine  work  of  charting  the  spectra  of  the 
stars  in  different  portions  of  the  sky.  The  photographic  plate 
containing  their  peculiar  spectra  was,  however,  not  examined  in 
many  cases  until  the  star  had  died  down  again. 

Spectrum  analysis  also  opened  np  another  field  of  inquiry,  viz., 
that  of  the  motion  of  the  stars  in  the  line  of  sight,  based  on  the 
process  of  reasoning  due  to  Doppler,  and  accordingly  named 
Doppler's  Principle  ("  Ueber  das  farbige  Licht  der  Doppelsteme," 
.  .  .  Abhandl  der  K.  Bobmtscben  Ges.  d.  Wiss.  V.  Folge,  2 
Bd.  1843). 

The  Observatories  of  Greenwich  and  Potsdam  were  among 
the  first  to  apply  this  to  the  stars,  apd  more  recently  Campbell 
at  Lick,  Newall  at  Cambridge,  and  Belopolsky  at  Pulkowa  have 
made  use  of  the  same  principle  with  enormons  success. 

It  was  also  discovered  that  there  are  certain  classes  of  stars 
having  a  large  component  velocity  in  the  line  of  sight,  which 
changes  its  direction  from  time  to  time,  and  in  many  such  cases 
orbital  motion  has  been  proven,  as  in  the  case  of  Algol. 

Another  class  of  binary  stars  has  also  been  discovered  spectro- 
scopically  and  explained  by  Doppler's  principle.  I  refer  to  the 
stars  known  as  spectroscopic  binaries,  in  which  the  spectrum 
lines  of  one  luminous  sonrce  reciprocate  over  those  from  the 
other  source  of  light,  according  as  one  is  moving  towards  or 
away  from  the  Earth.  This  displacement  of  the  spectrum  lines 
led  to  the  discovery  of  the  duplicity  of  /3  Aurigae,  and  C  Ursse 
Majoris  by  Pickering  {Am.  fear.  [3],  39,  p.  46,  1890). 

Several  other  such  stars  have  now  been  detected,  notably  /? 
Lyrce,  and  lastly  Capella,  discovered  independently  by  Camp- 
bell  (Astro-Phys.  Joar.,  vol.  x.   p.   177)   at  Lick,    and  Newall 
(Monthly  Notice,  vol.  li.  p.  2, 1899)  at  Cambridge. 
(Tobecciiitintwd.) 


ON  THB  ADIUSTMBNT  OP  THE  EQUATOBIAL  TELESCOPE. 

FIRST  PART. 
KIJBT  LAVB3. 

Po»  POMJLi«  ASTBOKOHT. 

A  relatively  large  number  of  amateur  astronomers  in  theUnited 
States  possess  equatorials,  which  are  mounted  on  piers  and  sup- 
plied with  graduated  circles.    It  is  quite  an  easy  task  to  put  the 
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equatorial  approximately  into  the  meridiaa,  and  to  place  the 
polar  axis  at  the  proper  elevation.  It  is  more  difficult  to  applj 
tfae  final  corrections,  since  they  have  to  be  derived  from  obser- 
vations  of  stars,  to  be  chosen  advantageously  from  the  list  of 
Standard  stars,  published  in  the  American  Ephemeris  and  Nauti- 
cal Almanac".  Still  any  one  familiar  with  plane  trigonometry 
and  the  use  of  logarithmic  tables  should  be  able  to  do  this  work 
satisfactorily.  It  is  the  purpose  of  this  paper  to  furnish  the 
proper  directions  in  such  an  elementary  fashion,  as  to  keep  within 
the  prerequisites  mentioned  above,  namely  plane  trigonometry 
and  logarithms.  In  the  first  part  of  the  paper  the  mathematical 
formulas  will  be  derived ;  in  the  second  part,  to  be  published  in  a 
later  issue,  actual  observations  will  be  given  and  the  methods 
will  be  explained  in  detail,  of  obtaining  from  them  the  values  of 
the  errors  of  the  equatorial.  It  is  advantageous  to  have  a  chro- 
nometer that  keeps  sidereal  time,  but  if  the  observer  has  none,  he 
may  use  instead  a  mean  time  chronometer,  or  a  well  regulated 
watch.  In  this  case  the  additional  work  of  transforming  mean 
time  into  sidereal  time  will  be  necessary.  A  filar  micrometer  with 
position  circle  is  not  absolutely  required  for  the  work ;  a  positive 
eyepiece  with  a  pair  of  wires  set  perpendicular  to  each  other  and 
an  incandescent  lamp  placed  sidewisein  front  of  theobjective.will 
be  all  we  need  to  point  it  to  a  star.  He  then  selects  an  equa- 
torial star  in  culmination  and  turns  theeyeptece  in  theadapterso 
as  to  have  one  wire  fall  into  the  direction  of  the  parallel;  the 
other  will  then  indicate  the  direction  of  the  declination  circle. 
The  wires  will  appear  as  black  lines  on  a  white  background,  and 
care  should  be  taken,  that  both  the  star  and  the  wires  appear 
clear  and  sharp  to  the  observer ;  this  is  done  by  first  focusing  on 
the  star  and  then  shifting  the  eyepiece  till  the  lines  appear  sharp. 
To  avoid  altering  the  position  of  the  parallel  a  mark  on  the 
metal  of  the  eyepiece  and  another  on  the  adapter  should  be 
made  when  the  parallel  is  determined. 

We  have  now  to  develop  the  mathematical  formulas,  which 
will  form  the  basis  of  our  observatory  work.  The  first  three 
paragraphs  are  devoted  to  the  development  of  the  three  funda- 
mental formulas  of  spherical  trigonometry. 

g  1.  Formulae  of  traas formation  for  rectangular  co-ordinates 
ia  the  plane  with  the  same  origin. 

'  The  American  Epbemeria  ia  sold  for  one  dollar.  Application  ia  to  be  made 
to  "The  Superintendent  of  the  Nautical  Almanac,  Navj  Department,  Wasbing- 
toD,D.C."  To  all  places  in  the  U.S.  it  is  aent  post  free.  AppUcants  from  Canada 
have  to  add  30  cents  to  the  price. 
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On  a  circle  with  radius  r 
and  center  O  we  draw  two 
radii  perpendicular  to  each 
other  OX  and  OY.  Select  a 
point  Con  the  circumference 
'  between  Xand  Yand  let  fall 
the  perpendicular  CC,  on  the 
1  y  line  OX.  We  shall  call  OX 
H-^  and  OY  the  X-axis  and  Y- 
axis  respectively.  The  po- 
sition of  the  axis  being  fixed, 
we  see  that  OC  and  C,  C 
will  de6ne  .the  position  of  C 
inadefinite  manner  so  far  as 
the  quadrant  XFis  concern- 
ed. Let  OC^  =  X  and  CC^  =  y,  and  call  x  and  y  the  rectangular  co- 
Srdiaates  of  C.  Now  give  to  the  axes  OX  and  OY  a  common 
rotation  through  the  angle  <p  so  that  they  take  the  new  positions 
OX'  and  OY*  respectively.  The  rectangular  coordinates  of  C  in 
this  system  are  x'and  j',  y  =  0C\  and  j'  =  CC^'.  We  shall  now 
establish  the  following  relations  among  the  coordinates  ^,  y' 
and  X,  y: 

x'  =^  X  cos  f  ■¥  y  sin  y, 
y'  "=■  —  X  sin  f  -^  y  cos  f. 

Analytical  Proof.    Let  us  call  the  angle  COX  =  f ;  then  we  have 
x'  =  rcos  {f  —  </>)  and  j'  =  rsin  (^  —  p). 
Expand  cos  (^  —  ^)  and  sin  {f  —  ^)  and  we  obtain: 

x'  =  r  cos  9>  cos  ^fr  +  r  sin  ii"  sin  56; 
y'  =^r  cos  ¥>  sin  f  —  r  sin  y  cos  f\ 
since  r  cos  9>  ^  jt  and  r  sin  y>  ^  j,  we  have  onr  desired  formulas  at 
once. 

Geometric  Proof. —  Draw  C,B  perpendicular  OJC  then  is  ^  = 
OE  +  ED+  DC,'  since  angle  HOC,  =  9  and  angle  £Z>C,  =  angle 
CDCi  =  90  —  y  we  have  x'  =  OCi  cos  y  +  C,D  sin  9  +  DC  sin  ^ 
=  OCi  cos  i»  +  {CiD  +  DC)  sin  91  or  x'  =  X  cos  91  4-  j  sin  v>. 

Similarly  we  have  y'  =  CF  —  C,'F  =  CC,  cos  y  —  OC,  sin  f, 
y'  ^ycos  ip  —  X  sin  9,    Q.  e.  d. 

g  2.    Rectangular  and  Polar  co-ordinates  of  a  point  in  space. 

Let  us  now  go  over  from  the  realm  of  two  dimensions  to  that 
of  three. 
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In  figure  2,  0  is  the  center  of 
a  sphere,  the  radius  of  which 
we  put  equal  to  1.  Select  three 
points  A,  Band  C  on  its  sur- 
face and  pass  three  planes 
through  O,  the  first  containing 
A  and  B;  the  second  B  and  C; 
and  the  third,  C  and  A.  .The 
intersections  of  these  planes 
with  the  surface  of  the  sphere 
are  great  circles  and  by  their 
mutual  intersection  in  six  points  A,  B,  C  and  A',  B",  C  eight 
spbtsrical  triangles  are  formed  on  the  surface.  We  shall  limit 
our  attention  to  the  triangle  ABC  and  we  shall  develop  the 
three  fundamental  formulas  in  which  the  sin-  and  cosine-func- 
tions of  the  angles  and  sides  will  appear.  Before  doing  this,  we 
must  acquaint  ourselves  with  the  meaning  of  the  rectangular 
and  polar  coordinates  of  a  point  in  space.  To  simplify  matters 
let  us  use  a  square  paper  box  as  a  model.  Removing  the  cover 
we  mark  with  ink  the  three  inside  edges  which  intersect  each 
other  under  right  angles  in  one  corner.  Call  this  corner  O  and 
select  three  points  X,  Y,  Z  on  the  three  edges  as  indicated  by  fig- 
ure 3 ;  OX,  OY,  OZ  will  be  re- 
ferred to  as  the  X-;  Y-  and 
^■axes  passing  through  the  ori- 
gin  O.  Stick  a  ptn  from  above 
into  the  bottom  of  the  box,  so 
that  it  is  parallel  to  theO/-axis. 
Call  the  head  of  the  pin  C,  and 
the  foot  point  C,.  It  is  our 
purpose  to  describe  in  mathe- 
matical language  the  position 
of  C  so  uniquely,  that  we  may 
be  able  to  find  the  point  even 
when  the  pin  is  removed.  To 
do  this,  we  define  first  the  po- 
sition of  Ci  by  dropping  the  perpendiculars  O,  Q  and.  C,  C„  the 
former  one  C,  C„  is  the  j  codrdinate  of  Ci  the  latter,  the  x  co- 
ordinate in  the  X  F-plane.  Having  defined  C,  we  at  once  can 
find  C,  provided  we  know  the  distance  C^C'^z  measured  from 
C\  upward  along  a  line  perpendicular  to  the  XF-plane.  C,  C  ^  z, 
C,  Cj  =y.  CxC,  —  x  are  called  the  rectangalar  coordinates  of  C. 
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They  suffice  to  define  uniquely  the  position  of  C  with  respect  to 
O,  when  we  restrict  our  attention  to  that  part  of  space  which  is 
limited  by  the  lines  X-,  Y-  and  Z-a^is  in  the  directions  from  O  to 
X,irom  0  to  Y,  and  from  OtoZ.  The  same  resultcan  be  obtained 
by  defining  C  by  means  of  two  angles  ?>  and  a  and  the  distance  of 
OC  =  r.  The  angles  y  and  u  are  defined  as  follows  :  pass  a  plane 
through  C,  O  and  Z,  it  will  be  perpendicalar  to  the  A'F-plane. 
OCi  is  the  projection  of  OC  and  we  define  v  as  the  angle  which  OC 
forms  with  its  projection  on  the  XF-plane.  The  angle  is  meas- 
ured in  the  direction  toward  the  OZ  axis  starting  from  the  line 
OC,.  It  is  evident  that  y  lies  between  0°  and  90°.  Theangle  u  is 
tbe  angle  which  the  OX  axis  forms  with  the  projection  OCi  meas- 
ured in  thedirection  from  the  X-axis  to  the  y-axis.  With  our  re- 
strictions we  have  u  lying  between  0°  and  90°.  r,  y,  u  are  called 
tbe  polar  cobrdinates  of  C;  it  is  obvious  that  by  them  C  is 
uniquely  defined .  Since  z  =  CCi  =  OC  sin  9>  =  r  sin  y,  and  OCi  = 
r  cos  v  we  see  at  once  that  the  relations  among  the  rectangular 
and  polarcodrdinatesareas follows: 

T  =  r  cos  v  cos  0, 

y  =  rcos  V  sin  u,        (a) 

z  =  r  sin  y. 

It  should  be  remarked,  although  we  shall  not  make  use  of  it, 
that  these  formulas  hold  generally  for  points  located  anywhere 
in  space  and  not  alone  for  points  in  that  octant  of  space  which 
we  have  considered.  In  this  general  case  we  have  to  distinguish 
between  a  positive  and  a  negative  direction  of  each  axis  and 
give  to  the  rectangular  coordinates  the  +  or  —  sign  according  as 
they  are  measured  on  the  positive  or  negative  side  of  each  axis. 
Similarly  we  have  to  extend  the  limit  of  p  and  u ;  in  the  general 
case  ¥  will  vary  between  —  90°  and  +  90°  and  u  can  take  any 
value  from  0°  to  360°. 

§3.    Tbe  fundamental  formulae  of  spherical  trigonometry. 

In  figure  (4)  AB  is  an  arc  of  a  great  circle  on  the  surface  of  a 
sphere  with  radius  Oj4=I.  Select  the  radius  0Basthe+2^axisofa 
system  of  three  rectangular  axes,  passing  through  O.  Let  OX  be 
the  +X-axis;  erect  a  perpendicular  at  O  to  the  ATZ-pIane  inter- 
secting  the  hemisphere  upon  which  C  is  located  in  ¥;  0¥  is  the 
+  F-axi8.  The  plane  OXV  intersects  the  surface  of  the  sphere 
along  the  great  circle  XY.  The  plane  OBC  intersects  theJCK- 
planein  thelineOCi;  OCiis  the  projection  of  OC  on  the  Xy-plane. 
Using  our  former  symbols  we  have  r  =  J,  y  =  angle  CiOC.u  = 
XOCi,  the  rectangular  coordinates  of  C  are  x,  jr,  z,  and  we  have 
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x^  1.  COS  7.  COS  a 
y=l.  cos  f.  sin  u 
z  ^  J.  sin  y 

We  now  turn  the  X-  and  Z-axis  aronnd  the  +  F-azis  from  the 
right  to  the  left  through  the  angle  BOA  which  we  call  c.    Then 
will  the  +Z-axis  fall  upon  OA  the  +  X-axis  will  be  directed  to  a 
pcint  90°  distant  from  A.    Let  us  distinguish  the  new  positions 
from  the  old  by  calling  the  new  axis  OZ*  and  OX'  respectively. 
The  y'-axis  coincides  with  the  F-axis  as  remarked  before.    We 
have  dotted  the  lines  and  circles  in  the  new  system  in  our  figure. 
To  find  the  coordinates  y,  f',  z*  of  C  in  the  new  system  we  pro- 
ceed as  we  did  before.    Plane  OAC  and  plane  OyX'intersecteach 
other  in  the  line  OCi',  OCi  beinft  the  projection  of  OC on  tbe^yy- 
plane,  angle  Ci'OC  =■  9',  angle  X'OC'  =  u'  therefore  we  have 
x'  :=  1.  cos  v>'.  cos  a', 
y'  ^  1.  cos  f' .  sin  u', 
z'  ^  1.  sin  <f' . 

But  we  know  from  figure 
(4)  that  y  =  y  since  both 
are  the  projection  of  OC  on 
the  same  axis,  it  is  therefore 
but  necessary  to  see  bow  x', 
z'  and  X,  z  are  related  to 
each  other.     To  establish 
these  relations  we  need  but 
make  use  of  the  theorem  in 
S  1.      Indeed  in   the  OAB. 
plane  we  have  two  systems 
each  of  two  rectangular  ax- 
es, which    are  inclined  to 
each  other  by  the  angle  c. 
Therefore  we  have 
x*  =  X  cos  c  +  z  sin  c. 
j'  =  —  X  sin  c-\-  z  cos  c. 
Introducing  the  polarcoordinateswe  have  the  following  system 
of  equations 

cos  ¥''  sin  u'  ■=  cos  f  sin  u, 
cos  9>'cosu'^  sin  q>  sin  c  -|-  cos  f  cos  c  cos  u, 
sin  <p'  =  sin  <p  cos  c  —  cos  g»  sin  c  cos  a. 
It  is  but  necessary  to  identify  u,  ip,  u',  <p',  c  with  the  angles  and 
sides  of  triangle  ABC  to  obtain  the  desired  result. 
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Let  A,  B,  C  designate  the  angles  and 
a,  6,  c  the  sides  of  the  triangle  ABC. 
Since  BOCi  =  90°,  and  CiOC  =  ip, 
therefore  90°—  <p  =  a.  Since  AOC'i  = 
90°  and  Ci'OC  =  </,  therefore  90°  — 
V'  =  h.  The  plane  angle  u  =  XOC,  is 
measured  on  the  surface  of  the  sphere 
by  the  arc  of  great  circle  contained 
between  OX  and  OCi,  but  this  same 
arc  measures  as  well  as  the  angle 
CBX  on  the  sphere  which  is  180  —  B, 
therefore  we  have  u  =180  — B.  In 
the  same  manner  we  obtain  it'  =  A. 
Introducing  the  values  of  tp,  u;  ^,if 
and  c  into  our  last  equations  and  re- 
membering that  sin  (180  — B)  =sin 
cos  B,  sin  (90  —  a)  =  cos  a,  cos  (90  —  a) 

=  sin  a  sin  B,  1 

=  cos  a  sin  c  —  sin  a  cos  c  cos  B,  >  (b) 
=  cos  a  cos  c  +  sin  a  sin  b  cos  B.  I 

These  are  the  three  fundamental  equations  of  spherical  trigo- 
nometry. 
§  4.    The  errors  of  the  Equatorial  Telescope. 
The  characteristic  features  of  an  equatorial  are: 

(1)  A  system  of  two  axes  perpendicular  to  each  other,  one  of 
which — the  polar  axis — is  fixed,  the  other — the  declination  axis 
— can  revolve  about  the  first  in  a  plane  which  is  the  instrumental 
equator.  By  means  ot  a  graduated  circle,  the  hour  angle  circle, 
which  lies  in  the  plane  of  the  instrumental  equator  the  actual  po- 
sition of  the  decliuation  axis  in  this  plane  can  be  ascertained. 

(2)  The  telescope  itself,  fastened  to  one  side  of  the  declination 
axis  and  revolving  about  this  axis.  By  means  of  a  graduated 
circle,  called  the  declination  circle,  fastened  to  the  opposite  side 
of  the  declination  axis  the  actual  position  of  the  telescope,  or 
more  exactly  that  of  the  optical  axis  of  the  telescope,  can  be  de- 
termined in  the  declination  plane. 

The  zero  point  in  the  hour  circle  is  very  nearly  the  point  where 
the  projection  of  the  south  point  upon  the  equator  meets  the 
equator.  The  angles  measured  by  means  of  this  circle  are  there- 
fore hour  angles  and  it  is  evident,  that  the  hour  angle  of  the 
declination  axis  will  differ  by  very  nearly  90°  from  that  of  the 
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object  to  which  the  telescope  is  directed.  In  the  declinatioa circle 
the  angles  are  measured  from  the  equator  either  upward  to  the 
North  Pole  or  downward  to  the  South  Pole.  The  readings  on 
both  circles  are  effected  by  an  index  and  the  amount  b;  which 
this  is  placed  erroneously  in  position  is  the  index  error  of  the 
hour  circle  and  declination  circle  respectivly.  The  first  we  shall 
designate  later  by  A  T,  the  second  by  aZ7.  Let  us  suppose  that 
the  polar  axis  and  the  decliaatiori  axis  are  both  hollow  tubes, 
which  we  may  imagine  to  be  transformed  into  small  telescopes. 
The  objectives  the  polar  axis  will  be  on  that 
end  which  is  turned  toward  the  North  Pole,  the 
objective  of  the  declination  axis  telescope  on 
that  end  where  the  circle  is  situated.  Let  t  be 
the  point  in  which  the  celestial  sphere  is  pierced 
by  the  optical  axis  of  the  polar  axis  telescope, 
K  the  corresponding  point  for  the  declination 
axis  telescope,  and  finally  5  the  point  to  which  the  optical  axis 
of  the  telescope  itself  is  pointing.  The  spherical  triangle  -rcKS 
will  then  be  the  fundamental  triangle  for  our  later  consideration. 
We  shall  call  ^  the  pule  of  the  equatorial ;  it  is  obvious  that 
under  ideal  conditions  n  would  coincide  with  the  celestial  pole  P. 
Designating  the  instrumental  declination  of  the  object  S  with  d, 
we  have  tS  =  90  —  d,  the  instrumental  declination  of  the  point 
K  will  be  called  o,  therefore  nK  =  90  —  n.  The  angle  measured 
by  the  arc  KS  is  very  nearly  90° ;  it  is  the  angle  which  the  opti- 
cal axis  of  the  telescope  forms  with  that  of  the  decHnation  tele- 
scope. Let  us  put  KS  =  90  +  c  and  call  the  small  quantity  c  the 
error  ofcollimation  of  the  telescope.  nK  and  KS  differing  both 
from  90°.  we  cannot  assume  that  the  angle  KwS  will  be  exactly 
=  90°.  Let  Q  be  the  amount  by  which  this  angle  differs  from 90° 
and  call  K^S  =^90  +  Q.  Evidently  Q  will  depend  upon  c,  n  and 
d  and  we  can  easily  determine  Q  in  terms  of  these  quantities. 
Applying  the  last  equation  ol  system  (&)  to  our  triangle  xKS  we 
obtain 

cos  KS  =  cos  ftK  cos  nS  +  sin  nK  sin  nS  cos  KnS,  or 
—  sin  c  =  sin  n  sind  —  cosn  cosif  sin  Q. 

When  an  angle  x  is  smaller  than  15'  ( =  900" )  and  wecompute 
its  log  sin  and  log  cos  by  means  of  a  five  place  logarithm  table, 
we  may  put  sin  x  =  x  sin  1"  and  cos  i  =  1  without  committing 
an  error  of  one  unit  in  the  last  place  of  each  logarithm.  The  two 
quantities  c  and  n  will  always  be  very  much  smaller  than  15' and 
we  may  therefore  write sm  Q^n  sin  1"  tgd  +  c  sin  l""tgd. 
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Except  for  a  star,  the  polar  distance  of  which  is  less  than  1°,  we 
may  also  put  sin  Q  =  Q  sin  1",  so  that  we  obtain 
(i)  j2  =  fl  tg  rf  +  c  sec  d.  Of  all  the  Naatical  Almanac  stars  none 
has  at  present  a  pol&r  distance  less  than  1°,  so  that  we  may 
safely  employ  this  last  simple  equation  for  determining j2 in  terms 
of  c,  □  and  d. 

The  errors  of  the  equatorial  which  we  have  so  far  discovered 
are  the  index  errors  a  7"  of  the  hour  circle  and  a  D  that  of  the  de- 
clination circle,  the  collimat ion  error  c  and  the  declination  of  the 
point  K.  We  have  mentioned  that  undertdeal  conditions  n  would 
coincide  with  P,  but  this  will  never  be  fufilled  in  reality.  Refer- 
ring the  reader  to  figure  9  on  Page  435  we  observe  that  F^is  the 
ideal  meridian,  nZ  the  instrumental  meridian.  Calling  «P  (the 
arc  between  P  and  t)  x<  it  is  obvious  that  the  position  of  jt 
vrith  reference  to  P  and  the  ideal  meridian,  will  be  defined  by  ;? 
and  the  angle  nPZ.  li  we  drop  a  perpendicular  from  jt  upon  the 
ideal  meridian  and  call  its  foot  point  i°,  we  may  as  well  define  jt 
by  the  two  quantities  w^  ?r°  and  Pt°;  we  shall  call  t  n°,  7  and 
Pn° ,  £  .  Then  S  and  7  are  the  rectangular  co6rdinates  of  n  with 
reference  to  a  system  of  axis  with  origin  at  P,  the  +  AT-axis  of 
which  is  in  the  direction  PZ,  the  +  I'-axis  is  in  the  e""  circle  and 
directed  toward  the  west.  The  smaller  x,  the  nearer  will  £  and 
V  be  represenied  by  straight  lines.  The  four  quadrants  aroundP 
will  be  numbered  1,  2,  3,  4  in  the  direction  from  PZ  to  the  West, 
North,  Bast  and  back  to  the  South.  lu  figure  9,  n  is  therefore 
located  in  the  fourth  quadrant,  ^  is  a  positive,  and  i;  a  negative 
quantity.  We  are  now  going  to  show  how  the  errors  of  the  in- 
strument and  the  quantities  £  and  rj  are  goin.^  to  affect  the  dec- 
lination and  hour  angle  of  a  star.  In  order  to  have  a  complete 
enumeration  of  all  the  errors  of  the  equatorial,  the  flexures  of  the 
telescope  tube  and  of  the  polar  and  declination  axes  should  be 
mentioned  here.  At  present  we  disregard  them,  at  the  end  of  the 
next  paragraph  their  effects  upon  the  observations  will  bestudied. 

g  5.  How  to  obtaia  the  ideal  hour  angle  r  and  declination  S 
from  the  instrumental  hour  angle  t  and  declination  d. 

"Ideal  hour  angle"  and  "ideal  declination"  will  be  defined  as 
the  hour  angle  and  declination  as  referred  to  the  celestial  pole  P 
and  meridian  PZ.  freed  from  the  eflfect  of  refraction.  The  instru- 
mental hour  angle  t  and  declination  d  are  referred  to  the  pole  n 
and  instrumental  meridian  JtZ. 

When  we  observe  a  star  in  the  meridian,  we  can  either  place 
the  tube  of  the  telescope  on  the  Et  st  or  on  the  West  side  of  the 


.y  Google 


Kart  Laves.  433 

pier.  For  stars  in  apper  culmioatioti  the  first  position  —  tele- 
scope East — will  meao  that  the  declinatioo  axis  is  in  the  West, 
the  second  — telescope  West  — that  the  decliaatioa  axis  is  in  the 
East.  Considering  the  apparent  revoltition  of  the  sky  the  point 
K  will  in  the  first  position  precede  the  object,  i.  e.,  it  will  set  be- 
fore the  object  Sdoes,  in  the  second  position  K  will  follow  S  in 
the  direction  of  daily  rotation.  For  lower  culmioation  the  con- 
ditions are  reversed.  Indeed  K  being  in  the  West  as  before,  and 
the  star  in  the  North,  it  is  obvious  that 
K  follows  iS,  whereas  when  K  is  in  the  East 
K  has  attained  a  position  to  which  S  will 
come  after  about  six  hours.  From  these 
examples  we  see  that  without  stating  the 
particular  position  of  the  star,  the  re- 
marks "circle  preceding"  or  "circle  foUow- 
P'  "^  ^  '■        ing"  will  give  us  a  unique deHnitioa  of  the 

^  relative  position  ot  K  to  S.    In  this  way 

the  observer,  when  discussing  his  observations,  will  at  once  be 
able  to  trace  the  fundamental  triangle  ii^TrSon  the  celestial  sphere. 
We  shall  designate  the  readings  of  the  declination  circle  bj  D, 
and  those  of  the  hour  angle  circle  by  T.  To  distinguish  the  posi- 
tion "circle  preceding"  (C.  P.)  from  that  of  "circle  following" 
{ C.  F.)  we  shall  use  D'  and  7"  for  the  readings  in  the  first  posi- 
tion, and  D"  and  T"  for  those  in  to  second  position.  Thedeclin- 
ation  circle  is  generally  divided  in  the  four  quadrants  and  the 
graduation  runs  from  0°  to- 90°  in  each  quadrant,  in  the  hour 
angle  circle  the  graduation  goes  from  0"  to  24"  in  the  direction 
from  the  South  to  the  West. 

Assuming  a  positive  index  error,  the  instrumental  declination 
in  the  position  C.  P.  will  hed  =  D'  +  JD.  Turning  the  telescope 
about  the  polar  axis  without  loosening  the  declination  clamp  at 
first  we  reach  the  position  C.  F.,  but  to  bring  the  telescope  to  the 
star  again  we  have  to  turn  it  through  the  angle  2(  90  —  D),  so 
that  with  a  graduation  from  0°  to  180°  we  would  directly  read 
180  —  D  in  this  position.  This  angle  is  too  small  by  the  amount 
JD  as  before  and  we  obtain  therefore  180  —  d  =  180  —  D"  +  JD 
or  since  the  graduation  is  supposed  to  run  from  0  to  90 


(2) 


d=D"  —  JD       C.F. 
d  =  D'  +  ^D       C.f. 


_D"-D' 
2 
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fiq.  S"- 
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Let  us  consider  the  cor- 
responding equations  in 
hour  circle.  In  figures  8* 
and  S^  we  paas  a  great  cir- 
cle through  P  and  tt  and  to 
shorten  our  expressions  we 
assume  a  point  N  on  the  < 
prolongation  oiPn.  Let  the 
star  S  be  on  the  west  side 
of  the  instrumental  meridi- 
an 7tZ.  By  means  of  the 
hour  angle  circle  we  can 
measure  the  hourangle  SnZ 
and  derive  from  it  and  the  errors  of  the  instrument  (including  S 
and  i;  among  them)  the  ideal  hoar  angle  SPZ.  In  figure  8*  we 
have 

SnN  =  KttN-  K^S  =  KtiN-  (90  +  12) 
Let  us  imagine  that  the  numbers  of  the  hour  angle  circle  be 
projected  on  the  celestial  sphere  by  radii  drawn  from  the  centre 
of  the  circles  and  prolongated  till  they  meet  the  celestial  sphere. 
Then  the  arc  of  great  circle  nK  will  intersect  this  great  circle  in 
a  point  the  lettering  of  which  may  be  designated  by  7*:  and  the 
point  where  tN  intersects  it^  will  show  a  reading  which  we  shall 
call  T°.  The  angle  KiNia  measured  on  the  great  circle  and  since 
the  number  increases  from  the  meridian  towards  the  west,  we 
shall  have  K'^N  =  T  —T°.    We  have  therefore 

SnN=  r  -  r°  -  ( 90  +  <2).       C.P. 
In  figure  8*>  we  obtain 

SnN  =  SxK  -  NnK  =  90  +2  -  (  T"  -  T" ) . 
The  hour  circle  being  graduated  from  0"  to  24''  in  the  direction 
to  the  west  starting  from  the  instrumental  meridian  it  is  evident 
from  what  was  said  before,  that  the  angle  NisK  will  be  measured 
by  T°  —  T",  ( r°  will  be  very  nearly  360°  and  T"  in  onr  figure 
about  250°,  so  that  T"  — r°  =  110°whenwe  assume SffJV=  20°) . 
For  Q  we  have  had  [see  formula  ( 1 )],  ntgd  +  caecd.  Putting 
this  into  our  equation  we  have 


r-r°- 

90  -  ( T" 


90  —  c  sec  d  —  ntgd 
-T°)  +caecd+  ntgd 


C.P. 
C.F. 


But  we  do  not  want  to  refer  Sto  the  circle  wNbuttotheinstru- 
mental  meridian  ttZ.    Call  the  angle  ZttN,  r  measured  around  w 
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throu£:h  the  West,  North,  Bast  to  the  line  xN  and  subtract 
360°  —  r  from  SjtN  in  both  cases.  We  thus  obtain  SxZ,  which  is 
the  instrumental  hour  angle,  we  shall  designate  it  by  ('  and  t", 
the  first  one  for  C,  P.,  the  second  one  for  C.  F.    We  obtain 


(3) 


-r°  — 90  +  r)— csecd  — ntgd  C.  P. 

-  {  r'-  r°)  +  r)  +  csecd  +  Dtgd     C.  F. 


f  — (90- 

We  have  distinguished  here  between  f  and  t"  since  the  hour 
angle  will  change  its  value  in  the  time  required  to  reverse  the  tel- 
escope.   In  the  equations  (2)  we  have  evidently  d  =  d'  —  d". 

Having  indicated  how  d  and  t  can  be  obtained  from  the  direct 
readings  of  the  circles  and  the  quantities  c,  n,  r  and  ^D  we  shall 
now  show  how  from  d,  t,  r  and  S  and  r?  the  ideal  coordinate 
and  T  are  determined. 

In  triangle  S^iP  we  have  SP  =  90—  S,  Sji  —  %0  —  d, 
Pt  =  ;r  ;  Sangle/'Z=T, 


^<,. 


potting  the  angle  ZPn  =  p  when  measured  around  P  in  the  direc. 
tion  West,  North,  East,  we  have  SPtt  —  t  —  p.  The  angle  SnP 
z=r—  180  —t  =  180  —  ((  —  r).  Applying  formulas  (ft)  to  this 
triangle  we  get : 

sin  S  =  cos  X  sin  d  —  sin  ;r  cos  d cos  {t  —  r) , 
(4)         cos  S  sin  (t  —  p)  =  cos  d  sin  (t  —  r), 

cos  5cos(t  —  p)  =  sin  dsin  ;f -Hcosdcos  ;i;cos(t — r) 
Patting  cos  j  =  1,  and  sin  x^  X  sin  1",  we  have  in  the  first 
equation  sin  #  =  sin  d  —  x  sin  1"  cos  decs  (t  —  r). 
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e  have  sin  6  —  gin  d=:  2  sin|  — ^ — ■  J  cos  (^ — I  ^ 

—  X  sin  l"cos  d  cos  (t  —  r). 


2  sin  I — rt — }  —  (*  —  ti)  911  1"  and  we  obtain 

(5.)  rf  =  d  — ^coB  (t—  r). 

To  obtain  an  expression  for  r  —  t  from  the  last  two  cqaations 

of  system  (4)  we  must  first  find  an  expression  for  p  —  r.    In  the 

triangle  ZPw  we  have  ZP— 90 —  <p,  where  ip  is  the  altitude  o 

P.Zyi  =  90  — f,  where  /  is  the  altitude  of  n,  angle  PtrZ  =  r  —  180 

and  angle  ZPjt  =  360°  —  p. 

The  application  of  the  first  two  equations  of  system  (&)  gives 

cos  /"  sin  r  =  cos  V  sin  p, 

—  cos  /cos  r  =  sin  *<  sin  x  —  cos  'P  cos  x  cos  p. 

Forming  the  quotient  of  the  two  equations  we  get 

cos  r      ^         sin  r  cos  p    „„ 

: =  tg  9>.  -^ — —  —  cos  X  — — -t   °^ 

sm  T        °      sm  p  sin  p 

—  cos  rsin  p=  sin  x  tg  ?'sin  r — cos  f  cos  p.  sin  r 
or  putting  cos  Jf  =  1  and  sin  ^  =  jf  sin  1"  we  obtain 

sin  {p  —  r)  =  —  X  sin  1"  tg  <P.  sin  r  or 

(6.)  p  —  r  =  —  xtg'P-smr.    

The  last  two  equations  under  (4)  can  be  transformed  by  ele- 
mentary operations  in  such  a  manner  that  we  finally  get  an 
equation  for  r  —  t ;  this  will  be 

(7.)  T  — t  =  — ^  tg?>,  sinr— jrtgdsin  (£  — r) 

It  will  now  depend  which  value  of  t  we  employ,  that  one  for 
circle  precedingor  that  for  circle  following,  in  the  first  case  we  get 
t'  =  T'  —  T°  —  90  +  r  —  jf  tg  ?<  sin  r  —  c  sec  d  —  n  tg  d 

—  jr  tgdstn  {t  — r)       C.  P.    in  the  second  case : 
t"  =  90°  — (T"  — T°)  +  r— Jftg^-sinr+csecd+ntgd 

-^tgdsin  (t-r)    C.F. 


(8.) 


Call    r— T'  — 90  +  r— ^tg9>sinr=    T' +  ^  T, 
and    90— (T'—T°)+ r—j:tg?' sin  r=T"4-iiT. 
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^T  is  the  ander  error  of  the  hour  angle  circle. 

With  these  simplifications  we  write: 
t'  =  1"+  ^T  —  c  aec  d  —  ntgd  —  X  tK  d  sin  (f  —  r)         C.  P. 
T"  =  r"+^T  +  csecd+ntgd~xtgdsmit"  —  r)     C.  F. 
X  sin  {t  -^  r)  we  may  replace  by  x  sin  (r  —  /))  =  ^  sin  t  cos  p 
—  X  cos  r  sin  p.    But  ;i;  co8  P  =  S,  and  ^  sin  /)  =  »? ;  we  have  there- 
fore X  sin  {r  —  (O)  =  5  sin  T  —  7  cos  r.    Putting  this  into  the  last 
equations  with  the  proper  iodex  in  each  case  we  have  the  equa- 
tions in  this  final  form : 

t'  =  T'  +  JT  —  c  sec  d  —  a  tg  d  —  if  sin  r*  tg  d  +  J7  cos  r  tg  d 
(9.)  C.  P. 

r"  =  T"  +  c  sec  d  +  ntgd—  £  sin  t'  tg  d  +  »?  cos  t  tg  d 
C.  F. 

To  obtain  the  equations  for  6  we  put  the  values  of  d  as  given 
in  system  (2)  into  equation  (5)  and  expand  X  cos  (t  —  r)  as  be- 
fore. 


(10) 


tf  =  IT  +  -dD  —  5  COB  T  —  »7  sin  r        C.  P. 
d—  D"  —  JD  —  S  cos  T  —  T,  sin  t       C.  F. 


We  have  so  far  neglected  the  effects  of  the  fiexures  of  the  declin- 
ation axis,  the  polar  axis  and  the  tube  of  the  telescope  upon  the 
observations  of  a  star.  We  shall  call  the  maximum  of  fiexure  of 
the  declination  axis  ( when  it  is  in  horizontal  position )  E,  the 
maximumofflexureofthe  tube  of  the  telescope  eand  shall  neglect 
the  flexure  of  the  short  polar  axis  entirely.  By  elementary  con- 
siderations like  those  given  before,  we  can  show  that  the  equa- 
tions for  6  will  have  to  be  completed  on  the  right  side  by  a  term 
—  €  (sin  fcosd  —  cos  fsin  dcos  t).  The  equations  for  t  will  coo- 
tain  two  additional  terms  namely: 

±  E  ( sin  /■  tg  d  +  cos  /"cos  t  )  +e.  cos  f.  sec  d.  sin  r 
the  tipper  sign  of  the  first  term  to  be  used  for  C.P.,the  lower  sign 
for  C.  F. 

The  UNrvBHsiTY  of  Cbicago. 
1900  Sept.  15th. 


TABLES  FOR  THE  OBSERVATIONS  OF  EROS. 

Bulletins  No.  3  and  4  of  the  "Conference  astrophotographique 
Internationale"  of  July  1900,  contain  tables  which  are  of  great 
use  to  those  who  are  taking  part  in  the  observation  of  Eros,  for 
the  purpose  of  determining  the  solar  parallax.    We  take  the 
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liberty  of  printing  these  tables  in  fnll. 

1.  The  first  is  an  ephemeris  of  Eros,  calculated  by  M.  Millos* 
evich  and  interpolated  tor  each  day,  to  which  has  been  applied 
the  correction  resulting  from  observations  made  at  Paris  on  Aug. 
4  and  7,  1900. 

2.  A  table  containing,  for  the  region  of  the  apparent  path  of 
Eros  and  for  a  width  of  about  2°  20',  the  stars  of  reference  whose 
positions  it  will  be  necessary  to  have  determined  by  means  of 
meridian  instruments,  in  the  largest  possible  number  of  observa- 
tions. In  accordance  with  the  desire  expressed  by  the  conference, 
this  table  has  been  constructed  in  such  a  manner  that  one  may  se- 
lect about  twelve  stars  of  reference  for  computing  the  constants 
of  each  plate,  in  the  new  series  of  photographs  to  be  obtained  by 
means  of  the  instruments  designed  for  the  photographic  chart  of 
the  heavens. 

3.  A  table  giving  approximately  the  local  time  at  the  two 
moments  when  Eros  is  20°  above  the  horizon. 

4.  A  table  giving  theequatorialco&rdinatesof  points  1°  apart, 
within  a  half  minute  of  arc,  upon  the  apparent  trajectory  of 
Eros.  These  coordinates  may  be  adopted  as  the  centers  of  pho- 
togrjiphic  plates  designed  for  furnishing  the  relative  positions  of 
the  comparison  stars. 

For  the  purpose  of  obtaining  the  greatest  homogeneity  in  the 
construction  of  the  photographic  catalogue  of  the  heavens,  the 
conference  decided  that  stars  of  reference  should  be  referred  to 
Newcomb's  Catalogue  of  Fundamental  Stars.  The  president  of 
the  conference,  Mr.  Loewy,  suggests  that  it  would  be  well  to 
adopt  the  same  rule  with  reference  to  the  comparison  stars  for 
Eros. 

Bphbmeris  op  Ebos  for  12*'  Bekuh  Mean  Time. 

Dil«>.  R-  A.  'inie)        Otc^Uat)  log  r.  log  i.  Pit, 

iQoa  Sept.  19 2.39-  3  +4o-»4.»  0.1669  9.818a  13,4 

*o 39-43  40.47.1 

31 40-30  41.  9,9 

aa 40-S5  4i-3*.8 

23 4"-a7  4'-5S,7 

41.56  ' 


as 4'-a3  42.4', 4 


42.46  43-  4,2 

43-  7  43-27,0 

43-25  43-49.7 

43.40  44-ia,3             o,is74             9,7663 

43-5'  44-34.8 

44.  o  44-57,2 

44.  6  45- 19.6 

44.  7  45-41.8 

,44-  4  •  +46-  3.8 
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Epuembris  Of  Bros  fob  12»  Bbbi.in  Mbak  Time. 

R.  A.  (lnj«)        Dec-  (irue)  logr.  loji. 


1900,  Oct.      5 2.43- 

6 43- 


18 

+46-25-7 

so 

46-47.5 

(7 

47-  9-0 

47-30.3 

S8 

48-ia.3 

4 

48.3».9 

11 

48.53.* 

49-13.3 

49-33.8 

24 

49-52.0 

w 

,6 

50.39,2 

,6 

3' 

51-  4.6 

rf.,S 

52.23,1 

52.36.8 

25-52 

24-13 

53-  2.1 

«.3o 

S3- 13.6 

20.44 

"8-55 

53-34.0 

15.  8 

13.11 

53-58.3 

54.  4,5 
54-  9.8 

g.ii 

7-  9 

54.14.1 

54-17,5 

3-  4 

54.19.8 

54-21,1 

54-21,4 

56-53 

54-20.7 

53-46,6 

41.38 

53-37.7 

39-59 

53-27,8 

38-24 

53- '7.0 

36-54 

53-  5.2 

35-3° 

52-52,6 

52-39.1 

32- S7 

52-24.7 

31-5" 

52-  9.6 

S'-53-7 

29-53 

5«-37.o 

Ta 

51-  1.7 
50-43." 

17-20 

+5023,8 

„  Google 


Tables  (or  the  Observation  of  Bros. 


Efbbueris  op  Eros  fox  12''  Bbblin  Mban  Time. 


1900.  Dec,   2 1.16.59  +50.  4.0 

3 a6-43  49-43  7 

4 a6-3S  49-a*  9 

S 26.33  49.  1.7 

6 36.39  48-40.0 

7 *6.so  48.17.9 

8 a7-  9  47-554             0.0865 

9 »7-34  47-3=  5 

'o a8.  5  47-  9.3 

"' 28-44  46.457 

12 39.18  46.11.9 

"3 3o-«8  45-57.8 

'4 31-15  45-33.5 

IS 32-'8  45-  9.0 

"6 33-26  44.44  3 

'7 3441  44-"9  4 

'8 36.  I  43-543            0,0778 

19 37.28  43-29.1 

20 3S.59  43-  3.8 

21 40.36  42.383 

33 42.19  41.  II  8 

33 44-  7  4'-47.» 

34 46-   '  41-31  5 

35 47-59  40-55.8 

16 50.  I  40.300 

37 52-  9  40-41 

3tS 54-31  39.33.4                   0,0700 

39  56-38  39-".6 

30 '-58-58  38-46.8 

3« "  *■  '-23  38-31,0 

1901.  Jan.    1 3-53  37-552 

2 6.36  37-294 

3 --  9-  3  37-  36 

4 11-43  36-378 

S 14-n  36-12.1 

6 i7->4  35463 

7 3.30.    S  +35.30,6                   0,0636 

Comparison  Stajra  for  Oba«rvKtlons  of 


443BD    -|-47      9. 


9.5029 
Eros. 


399BD-I 

8.6 

1.14.  0 

370 

-40 

46.39, 

400 

-49 

9,5 

24-33 

50-  5. 

429 

■47 

24-33 

47-23, 

401 

■49 

24-38 

50.  9. 

373 

Z4.48 

47-  3, 

403 

-41 

9.' 

34.51 

49-54. 

-47 

7," 

.48 

25.36 

48.31 

455 

-48 

9,1 

35.36 

48.16, 

;:i 

S    1 

-51 

25.46 

51-57,: 

-50 

9,5 

1.36. 10 

+S0.38.S 

300        +50      9,5 


„.i6 

48.30,3 

37.49 

49.37,0 

45-27,8 

38.    , 

47.54,5 

28.19 

49-  3,1 

28.33 

Sii 

39.16 

+4S-«9.o 
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+46 

7.4 

29.59 

-49 

9.« 

30-  3 

.48 

8,7 

30. 3 

-46 

7.0 

30.19 

■47 

6,6 

30.M 

-s> 

7,6 

30.24 

■47 

l^ 

30-33 

-5» 

8.5 

30-39 

-47 

2:', 

30-40 

-50 

30.44 

-49 

9,5 

30^55 

■5' 

9.» 

3>-  9 

■46 

7.8 

3''3 

-45 

7,8 

31- '4 

■45 

8,7 

31-15 

-49 

8,8 

3i-4a 

-44 

8,7 

3»-  S 

-44 

!•' 

32-31 

■45 

8,4 

32.22 

CoHPAHisoH  Stars  fob  Observations  of  Bros. 


+S''39,i 
44.24,9 
46.22,9 
46.36,2 


5"- "4.3 

47-33.8 
5*-3S.8 
47.48,3 
50-45,0 
49.26,4 

4626^ 
45-57i° 
4S-i'6,9 
SO-  5-8  -6 
44-18,5  384 
45-  9,3  4»i 
45-55,3    3^ 

32.30  44-53,5    "  " 

32.31  sa-43.9 

32.40  43-38,3 
33-  4  53-37,6 
33.10  43-3',6 
33.13  52.24,5 
33-'3  Si-45.6 
3331  43-5*,  7 
33.34  S*-  8,4 

33.41  43-'3,9 
33.50  53.21.7 
34.  2  51.21,5 


1:5 


3S-3* 

45-54.4 

35-33 

S»-5*,3 

35-5> 

45-  4,3 

35-58 

42.21,5 

36-  4 

43-  8.« 

36-16 

4^.31,0 

36.17 

41.35  5 

36.24 

4S-33,Z 

37.  4 

45.26,2 

37- 11 

44-49.1 

37- '7 

43-13,0 

37. '7 

52.22,9 

37- 'S 

53-36,7 

37.47 
37.58 

54-33,0 

52.41.2 

38.  5 

43.44,3 

38- '3 

43-  8,7 

39-43 

53-  6,4 

40.15 

44.  8,8 

40.(7 

43-13.3 

40.37 

41.  3," 

■f53 

7.6 

1.41.15 

+53. 30,3 

■f43 

l'^ 

41-25 

42.34,9 

■4-53 

3,3 

41-35 

53-33.4 

t'^ 

41.4s 

41-55.4 

■f53 

1-3 

41-56 

53-45.0 

.43 

8,9 

43-42,8 

-54 

8,6 

42.39 

54.38.6 

.41 

i.l 

43.55 

42.12,6 

-43 

43-1" 

43- '4,3 

■S3 

8,6 

43- •  I 

S3-2S,o 

8.5 

43- "4 

4"-29.S 

■54 

7,9 

43-57 

54-43.3 
53-'4,f 

-S3 

i-^ 

44.  0 

-54 

8,0 

44-43 

54-54.6 

-54 

7,3 

44-53 

54-25.8 

-4* 

8,0 

45-  3 

43-  ',8 

-S3 

8,7 

4S-'» 

53-33,3 

-43 

8.S 

45-33 

42.16,1 

-54 

6.1 

45-35 

54-39,3 

.40 

9,2 

4S-37 

40.57,6 

-39 

8,8 

46.25 

40.  3,3 

■f4i 

!■' 

46-43 

41.20,9 

■+-40 

8.2 

46.49 

40.59,5 

+41 

9,0 

47.10 

42.  2,3 

■f54 

6,8 

47.11 

55-  6,3 

+40 

6,2 

47-17 

40.14,2 

-4-53 

8,4 

48.  7 

53-24,0 

+54 

9.0 

48.13 

54. "4.2 

■4-53 

7,4 

48.25 

53-41,8 

+40 

8.S 

48-27 

40-33,9 

1^39 

I'* 

,^.37 

40.  9,9 

-1-40 

8,9 

48.39 

41.  9,0 

-4-39 

6.9 

48.53 
49-  8 

40.12,8 

■f54 

8.0 

55-  S.3 

-hss 

8,0 

4  9-14 

SS-20,2 

-I-S4 

8.4 

49-3' 

5S->o,o 

+4" 

7,4 

50.28 

41.24,2 

-t-4« 

8.3 

51.10 

41.16,7 

+54 

i;; 

5i"3 

54-53.9 

■f40 

51.14 

40.16,3 

+53 

8,8 

5 '-36 

54-  7,3 

+S4 

2'* 

52.10 

55-  5,7 

+40 

8.3 

52.20 

40-25,6 

4-39 

8,5 

52.22 

40-  3," 
S5-i8,o 

■4-SS 

8.3 

52.51 

+54 

8,7 

52.56 

54.30,2 

+39 

8,2 

53-36 

40.  4.7 

■40 

7,5 

53-39 

40.5«,9 

■37 

7.4 

54.18 

38.  6,8 

-39 

7,9 

54-29 

39-39.0 

-40 

7,« 

54-4" 

40.53.6 

-38 

7,8 

54-48 

39-  7.4 

-40 

li 

55-  9 

40.43,7 

-S3 

55-33 

53-33.0 

-53 

n 

SS-38 

54-  0,3 

-39 

n 

40.11,1 

--S4 

8,0 

S4-4S.O 

--37 

8,1 

56.38 

38-  3,7 

+53 

7,6 

1.56.45 

+54-13,8 
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CoiiPutisoH  Stars  fob  Obsbkvationb  op  Bkos. 


484  BD  +55      8,6 


-37 

8,7 

"■  \ 

-54 

9.0 

!7.  6 

-39 

9,1 

57-45 
57-58 

54 

8,0 

-54 

6,6 

58.17 

-38 

8,0 

g;i 

-54 

'■2 

-39 

V^ 

>S9-43 

■53 

8,3 

+38 

%'* 

0.13 

■39 

8,5 

0.30 

-53 

8,5 

1.36 

■f37 

Si° 

3.36 

IP 

9,' 

..48 

n 

J.49 

■37 

a-54 

■54 

'■' 

3-  9 

■S3 

8,3 

3.ai 

■53 

V 

3-a4 

■54 

S-5 

3.«8 

■53 

8,S 

4-59 

■54 

8.7 

6.11 

h54 

7.' 

8.17 

54 

116' 

8.34 

-SI 

h54 

11-35 

h53 

hS3 

2;; 

','.'% 

6.5 

- 

5^ 

i.o 

14.20 

H 

h53 

14-54 

7.6 

18.U 

8.7 

-SI 

8.4 

19.30 

■f5» 

8,7 

30.30 

35-55 
3.17.16 


54-38.4 
39-34,5 
54.16,6 
55  8,6 
38.S7,3 
54.»7,o 
39- '6,9 
53-49,8 
38.35 -3 
40-  7.3 

54-  7.7 
37-»3.i 
55-".8 
38-53,4 
38.  3.4 

55-  0-8 
S3S',5 
S3-a3.3 
54-49.3 
54-  4.8 
54-38,5 
S345.0 
54.51,0 
53-34,5 

54-  3.9 
55.t§.8 
54-37.3 

53-  6.7 

55-  7.7 

54-  0,1 

55-  4-7 
S3-49,o 
53-38,0 

53-  6.9 
54-56.9 

54-  3.' 
53-47,5 
54-37.4 
54-54.6 

53-44.3 

53- "9.3 
53.59.6 
54-48,1 
53.55.0 
53-40,5 
53-  3.0 
54-31,6 

53-  5,6 
53-36.9 
53-*4.4 
54-37,1 
51.51,8 
53-33.5 
53-53,0 
53-33,1 

54-  6,3 
+5».»3,5 


+53 

8.S 

3.27-33 

+53-57.9 

■f5' 

8,8 

37.40 

5 1-33.0 

■4-50 

V^ 

28.24 

50-45.' 

-1-53 

28.31 

53- '5.0 

-1-53 

i* 

28.34 

53-53.7 

+5" 

8,0 

39-56 

5*-  3-0 

■f5i 

i-^ 

Si-3<.S 

+53 

8.7 

30.52 

S3-22.7 

■fSO 

8.6 

31-33 

50.36,1 

■fsi 

9.0 

3'-37 

5'-387 

-l-SO 

t-^ 

33-35 

50.21.1 

-1-49 

8.9 

33.49 

SO-  S.3 

■fS3 

7.6 

33.33 

53.32,4 

-fSo 

i'^ 

33-43 

51.11,6 

■f40 

8.7 

34-13 

40-53.3 

+49 

9.3 

34-18 

49-35.0 

-f-49 

'•; 

34-35 

49-41,4 

■fsi 

8.8 

35-31 

53-  0,4 

+39 

9.0 

35-38 

40-  4.7 

-40 

7,5 

35-38 

40-58,0 

-5> 

9.' 

35-39 

51.38,5 

■41 

8.3 

35-47 

41-44.9 

-53 

6,3 

3S-56 

53-  6.0 

■S3 

9.3 

36.30 

53.19.8 

.43 

8.4 

3634 

43-35.' 

-5' 

9.6 

36.38 

5'-S9.3 

■so 

8.4 

36.40 

SI.  6.5 
49- 57.6 

-49 

8,6 

36.46 

-49 

%'l 

36.48 

50.10,3 

SO 

?■' 

37-34 

-43 

6,5 

37-34 

-40 

9.0 

37-S3 

-46 

7.9 

37-53 

-40 

8,6 

37-56 

-50 

8.4 

38-  5 

-44 

8.1 

38.13 

-50 

88 

n 

+48 

8.3 

-47 

8.3 

38.58 

8.6 

39.13 

-46 

f'° 

39-33 

--50 

8,4 

39-29 

-40 

8,0 

39-39 

-48 

9,0 

39-35 
39-38 

+39 

7.9 

i:i 

39-44 

39-47 

-SI 

9.0 

39-53 

-43 

7.9 

40- 1 

-l-S' 

8.9 

40-  T 

+45 

7.3 

40.34 

+41 

8,0 

40.43 

+43 

7,6 

40-53 
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Comparison  Stari  fob  OBssmvATiOHB  op  Ebos. 


8.9 
9,0 

7,6 


-I-44-S0.8 
49-39.fi 
51.  «,o 
47.46.7 
48.48.1 
41.37,0 
50.38,8 

48.    3.3 


-.46 


41.50 
43.  I 

42.  4 
42.  la 
4a.  13 

42.19 
43.27 
43.3S 
42.2S 
4J.35 
4a.43 
4a- 55 
43.59 
43-  5 
43-ai 


48.46,0 
40.33.7 
41.59.9 
4a.  18.9 
47.11,6 
48.53. « 
46.48,1 
5 '.13.6 
43'53.9 
48.37,8 
45S9,« 
4935.9 
44-59,3 
47.43.9 
43.23.9 

42      9,1  43.37       4a.33,i 

46      9,3       3.43.34    +46.59.9 


Tabk  giTing,  ii 
tilde  of  Bros  above  the 
indicated. 

Oct. 


an  time,  tlie  approximate 
horisoa  is  greater  thao  S 


+40 

8.1 

a.43-5' 

+40-a4,3 
4752.6 

+47 

7,9 

4353 

+4S 

44-  0 

n 

40-53.'' 

-42 

42.54,0 

44.  7 

4i.3'.8 

■43 

44.  7 

43-Sfi.7 

n 

44-  9 

4S-39.S 

!■' 

44.30 

■47 

»,j 

44.40 

J8 

»A 

44-54 

44.38.8 

45.  0 

-44 

;,» 

45-  7 

-44 

J:^ 

45- >7 

44-28,9 

45-*o 

-47 

9.» 

45.37 

47.30,1 

?.' 

4539 

-47 

i:i 

48. 0,5 

-43 

4553 

43.21.7 

-41 

7.* 

ri 

-42 

9,1 

7.4 

47.16 

46.45,2 

.42 

a.9 

48.26 

.46 

48.48 

tm 

8.7 

-1-44 

S.9 

3.49.29 

+44-34.7 

imita 

between  which  the  alti. 

0'  (or  the  dates  and  latitudes 

6.36 

6?^ 
6.tl 


4^7 
4.36 
4.36 
4.1a 
3-S6 


30,30 
30.3s 


5.52    to    19.34 

S.46 

19-40 

^40 

19.46 

5-34 

19.52 

S-28 

19.58 

4.47    to    18.51 

4-41 

'857 

434 

19.  4 

4.27 

4.20 

19.18 

4.13 

19.25 

4.  5 

>9-33 

3-57 

19-41 

3.40 

19.58 

22.34 
aa.48 

23.   4 


4.27 

20.59 

4.18 

4.  8 

21.18 

3-S7 

21.29 

V46 

31.40 

3-34 

21-52 

3-19 

23.    7 

u 

22.13 

2.23 

23-    3 

'55 

23-31 

21.36 
31.59 

22.24 
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Table  eiving,  in  mean  time,  the  approximate  limits  betneen  nbicb  tbe  alti- 
tude of  Erua  above  tbe  horizoa  is  greater  tbaa  20°  for  the  dates  and  latitudes 
indicated. 
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The  Planet  Eios. 
THB  PLANET  EROS. 


The  planetoid  Eros  (433)  is  now  occupying  the  attention  of 
working  astronomers  more  than  any  other  one  celestial  object. 
On  this  account  it  will  be  of  interest  to  many  of  our  readers  to 
have  a  re-statement  of  the  principal  facts  about  this  new  planet : 

It  was  discovered  by  Witt  of  Berlin  on  August  13, 1898,  when 
it  appeared  as  a  star  of  only  the  11th  magnitude.  Its  discovery, 
however,  was  not  announced  by  telegraph  until  Sept.  5,  which 
gave  some  information  of  its  remarkable  orbit  which  was  then 
known  to  be  in  part,  at  least,  within  the  orbit  of  planet  Mars. 
Ao  aaoouncement  of  this  discovery  promptly  appeared  in  the 
foreign  scientific  journals,  especnally  in  the  Astronomische  Nacb- 
ricbten,  No.  3512,  in  which  attention  was  called  to  the  rapid 
motion  of  the  planet,  which,  on  the  average,  was  about  2000 
seconds  of  arc  daily. 

During  the  same  month  and  under  date  of  Sept.  30,  Professor 
E.  C.  Pickering  of  the  Harvard  College  Observatory  published  a 
circular,  which  was  numbered  34  in  the  regular  series,  setting 
forth  much  important  information  about  the  new,  little  planet. 
From  the  data  then  known  relating  toits  path,  it  was  found  that 
its  minimum  distance  from  the  Earth,  where  the  orbit  lies  near 
the  path  of  the  Earth,  was  only  15.000,000  of  miles.  The 
importance  of  this  interesting  fact  will  at  once  appear,  when 
it  is  remembered  that  the  nearest  approach  of  the  planet  Mars  to 
the  orbit  of  the  earth  is  about  35,000,000  of  miles,  and  that  the 
Earth  and  Mars  are  so  related  in  nearness  of  position,  only  once 
in  15  or  17  years.  Since  the  planet  Eros  is  distant  from  the 
Earth,  at  times  of  favorable  opposition  only  15,000,000  it  is 
evident  that  this  planet  furnishes  a  most  favorable  means  for  the 
study  of  parallax,  and  astronomers  are  using  the  present  oppo- 
sition of  the  planet  as  an  opportunity  for  prosecuting  work  of 
this  kind  most  vigorously.  For  those  who  do  not  know  how 
the  parallax  of  the  planets  is  determined  approximately,  it  may 
be  said  that  the  parallax  of  Venus  or  Mars  when  nearest  is  only 
about  40  seconds  of  arc,  a  verysmall  angle  to  measure  accurately. 
The  parallax  of  Eros  is  nearly  60  seconds  of  arc  which,  of  course, 
is  a  more  favorable  angle  for  measurement  on  account  of  its  in- 
creased  size. 

Astronomers  know  very  accurately  the  ratio  distances  of  all 
the  planets  in   the  solar  system  in  units  of  the  Sun's  distance. 
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Now,  it  the  parallax  of  an;  one  planet  can  be  obtained  very  ac- 
curately then  the  distance  of  all  will  be  known,  including  that  of 
the  Sun  in  miles  or  other  terrestrial  units.  This  is  the  same  old 
problem  that  bat  been  before  the  minds  of  the  students  of  the 
heavens  since  the  dawn  of  the  science  of  Astronomy. 

The  methods  of  the  New  Astronomy  offer  some  advantages  in 
the  study  of  the  problem.  Photography  ia  being  used  at  a  num> 
ber  of  the  larger  observatories.  But  some  difficulties  are  met  in 
the  work  on  this  new  planet  which  act  as  somewhat  of  a  draw- 
back, in  the  use  of  this  favorite  way  of  determining  the  places 
of  the  planet  at  specific  times  so  as  to  map  its  path  among  the 
stars  during  the  next  few  months  to  come.  In  the  Harvard  CoI< 
lege  Circular  just  referred  to  it  was  said  that  short  exposures  of 
Eros  could  not  be  used  to  determine  the  photographic  brightness 
of  the  planet  because  it  was  so  faint  and  its  motion  so  rapid.  Long 
exposure  could  not  be  used  because  the  planet's  trail  could  not 
be  compared  with  the  circular  images  of  the  stars  near  by  to  de- 
termine the  planet's  brightness  relatively.  The  point  of  interest 
to  observers  now  is  can  these  planet  trails  on  the  photographic 
plates  be  used  to  determine  the  exact  places  of  Eros  in  reference 
to  adjacent  stars,  so  that  measures  on  the  photographic  plates 
may  be  employed  to  get  the  parallax  of  the  planet.  If  so  it  will 
certainly  give  aid  in  the  prosecution  of  this  work  in  connection 
with  the  measures  by  the  micrometer  with  visual  objectives  of 
a  large  aperture. 

The  photographic  plan  being  tried  at  Goodsell  Observatory 
with  the  814-inch  Clark  refractor  is  to  make  exposures  of  plates 
for  different  lengths  of  time.  The  longer  exposures  to  be  broken 
for  brief  intervals  at  certain  times  which  will  be  recorded  on  the 
chronograph.  From  such  attempts  already  made,  it  seems  clear 
that  measures  from  the  beginnings  and  ends  of  these  tniils.  as 
points,  mav  be  taken  to  near  stars  that  may  be  identified,  on  the 
plates,  find  in  this  way  an  accurate  place  of  the  planet  may  be 
known  at  the  particular  time  of  the  observation.  How  well 
this  plan  will  work  out  photographically  we  are  not  yet  able  to 
say,  but  we  hope  for  results  in  a  few  days,  if  the  nights  are  favor- 
able. 

The  work  of  determining  the  places  of  Eros  on  every  clear  night  by 
the  aid  of  the  micrometer  and  the  16  inch  equatorial  is  carried 
forward  with  much  interest  and  ease.  It  is  not  at  all  .difficult  to 
"pick  up"  the  planet  in  the  large  instrument  because  of  its  rapid 
motion.     By  looking  at  such  a  chart  of  the  path  of  Eros  as  ac- 
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The  Apparent  Path  of  Eros  Among  the  Stars, 

From  Sept.  20.  19U0.  to  Jao.  fi,  1901.  4 

ie  poBitions  platted  are  for  the  epoch  1855.    The  precession  to  1900  ie 
approximately  +  3"'  in  R.A.  aod  +  12'  to  14' in  Dec. 
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companies  this  article  one  can  pretty  certainly  locate  the  moving 
star,  which  is  easily  and  certainly  determined  in  a  few  minutes 
by  the  aid  of  tbe  micrometer  wires  and  known  adjacent  stars. 
For  the  aid  of  those  who  may  not  have  seen  a  chart  containing 
the  orbits  of  the  Earth,  Mars,  Eros  and  Jupiter  we  re-print  one 


The  Orbit  dp  Eros. 
herewith  that  was  used  in  October  1898,  when  the  planet  was 
called  DQ,  and  before  it  was  named  Eros. 

Kt  another  time  more  will  be  said  of  the  details  of  both  tbe 
photographic  and  the  micrometric  methods  of  determining  the 
parallax  of  Eros.  

RBCBNT  WORK  AT  THE  LO^VBLL  OBSERVATORY. 


We  have  received  Volume  II  of  the  Annals  of  the  Lowell  Observ- 
atory, the  observations  of  which  were  made  at  Flagstaff,  Ari- 
zona, and  Tacubaya,  Mexico,  on  Jupiter  and  his  satellites  in 
1894  and  1895  and  on  Mars  in  1896  and  1897.  In  July  1896, 
Mr.  Lowell,  the  director  of  the  Observatory  received  from  Alvan 
Clark  and  Sons  the  new  24'inch  telescope  with  which  the  astro- 
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Domical  work  of  the  Observatory  was  continued  as  mentioned 
above.  In  tbe  completion  of  thtS' telescope,  ttttiag  it  in  place  in 
the  Observatory,  and  in  adjusting  it,  Mr.  Alvan  G.  Clark  was 
much  interested,  as  those  who  were  present  at  the  time  very  well 
know,  and  they  speak  of  it  really  as  his  last  work  in  the  line  of 
telescope^making.  Those  who  have  used  this  noble  instrument 
are  unsparing  in  praise  of  its  fine — even  its  superb  qualities. 

In  November  of  this  year  the  entire  Observatory  was  removed 
to  Tacubaya,  a  suburb  of  the  city  of  Mexico,  where  it  remained 
until  the  end  of  March  1897,  at  which  time  it  was  removed 
again  to  Flagstaff  where  it  has  since  remained. 

In  the  Annals  so  far  published,  Volume  I  gives  the  complete 
work  on  Mars  in  the  years  1894  and  1895,  The  volume  before 
us  "completes  the  strictly  astronomical  work  of  that  year  by  giv- 
ing that  done  on  Jupiter  and  its  satellites."  The  volume  also 
commences  the  publication  of  subsequent  work  with  the  24inch 
instrument  by  presenting  that  on  Mars  in  the  second  observa- 
tional year,  and  the  third yearoftheObservatory.  Thisvolumeis 
therefore  occupied  with  work  relating  to  two  objects :  Mars  and 
Jupiier  and  its  satellites. 

The  observations  on  Jupiter  in  1894  were  made  by  William  H. 
Pickering  and  those  in  1896  by  A.  B.  Douglass.  Together  they 
make  the  first  long  series  of  physical  observations  of  the  planet 
Jupiter  and  its  satellites  known  to  us.  In  this  statement  we  do 
not  forget  the  long,  skillful  and  painstaking  work  of  Professor 
G.  W.  Hough,  of  Dearborn  Observatory,  now  of  Evanston,  111., 
who  for  more  than  twenty  years,  has  been  giving  more  or  less 
attention  to  the  surface  markings  of  Jupiter,  and  who  is 
estemeed  a  high  authority,  by  astronomers  generally,  in  rela- 
tion to  the  physical  characteristics  of  the  planets. 

The  larger  part  of  the  work  on  the  Jovian  system  in  this  was 
done  by  William  H.  Pickering,  whose  methods  of  research  in 
1895,  were  especially  well  adapted  to  gain  the  information 
desired.  Later  it  fell  to  Mr.  A.  E.  Douglass  to  carry  through  the 
mathematical  part  of  this  work  by  his  own  methods,  yet  with 
the  consent  of  Professor  Pickering.  One  peculiarity  is  noticeable 
in  these  observations  and  that  is,  that  they  are  given  complete 
in  the  original  form  in  which  they  were  made.  The  reasons  as- 
signed are  two:  one,  because  they  are  the  first  extensive,  sys- 
tematic study  of  the  kind  ever  made,  and  second,  because  in  most 
of  the  work  the  observer  and  the  reducer  were  two  different 
persons,  and  the  equations  of  each  enter  into  the  results. 

The  observations  of  Mars  were  made  by  Mr.    Lowell,   the 
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Director,  assisted  by  Mr.  O.  A.  Drew,  Miss  W.  L.  Leonard  and 
Mr.  A.  E.  Doaglass.  Dr.  T.  J.  J.  See  and  Mr.  W.  A.  Cogshall 
were  also  members  of  tbe  Observatory,  and  made  occasional 
observations.  Mr.  Doaglass  did,  or  had  charge  of,  the  reductions 
and  the  analytic  study,  save  the  tables  of  diameters  by  Mr. 
Lowell  and  such  short  preliminary  articles  as  have  been 
previously  published  by  other  persons  belonging  to  tbe  Observa- 
tory. 

This  quarto  volume  consists  of  523  pages  and,  in  general  ap- 
pearance is  like  the  Harvard  College  Observatory  Annals. 

One  distinf^ishing  feature  in  addition  to  those  already  men- 
tioned is  thenumber  and  character  of  the  plates  and  drawings.  The 
first  is  a  full  page  plate  showing  nine  figures  of  Mars  in  color, 
representing  the  planet  as  seen  between  Jan.  9,  and  March  27, 
1897.  The  drawings  were  made  by  Mr.  Lowell  and  the  repro- 
ductions are  facsimiles  that  give  a  very  close  representation  of 
tbe  telescopic  view  in  a  large  instrument,  as  we  remember  the 
appearance  of  the  planet  at  that  opposition.  The  heliotype 
printing  of  the  plate  is  well  done.  ' 

The  observations  and  drawings  of  the  Satellites  of  Jupiter  by 
William  H.  Pickering  together  make  a  noble  piece  of  astronomi- 
cal work,  for  completeness  and  thoroughness  in  detail.  On  look- 
ing over  this  part  of  the  volume  we  are  reminded  of  the  criticisms 
that  were  made  upon  some  parts  of  it  while  it  was  in  progress 
and  the  preliminary  results  only  had  been  given  to  the  scientific 
Journals.  From  the  full  representations  given  and  the  detailed 
observations  that  accompany  them,  it  does  not  seem  possible 
that  Professor  Pickering  could  have  been  mistaken  in  what  he 
saw,  or,  even  wrong  in  the  general  interpretations  and  conclu- 
sions which  be  drew  from  those  observations. 

If  the  observations  had  been  irregular,  less  systematic  and  less 
extended,  as  must  be  said  of  other  observers  fairly  when  put  in 
comparison  with  this  series,  then  some  of  the  objections  oficred 
might  have  more  probability. 

The  lithographic  work  representing  the  markings  of  the  four 
satellites  of  Jupiter  is  presented  inmnnyfull-pageplates,  on  which 
are  given  from  a  few  to  fifty  drawings  of  each  satellite  by  itself 
with  the  hour  in  Greenwich  time  and  the  position  of  the  central 
meridian.  The  elliptJcity  of  these  satellites  as  well  as  their  sur- 
face markings  are  objects  of  very  great  interest.  It  is  especially 
surprising  that  tbe  ellipttcJty  of  the  different  satellites  should 
vary  so  much,  and  we  do  not  see  how  the  figures  of  the  satellites 
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coald  be  dtffereatl;  drawn  from  the  □atnerical  results  of  obserra- 
tion  wbicb  are  given-so  fully  ia  detail. 

Tbe  planet  Jupiter  i?  oot  dgured,  but  the  measurea  of  the  equa- 
torial and  polar  diameters  are  given  and  the  mean  of  these  is 
j^YP  somewhat  greater  than  the  value  that'  has  beeii  generally 
accepted,  that  being  about  j— 

The  results  of  work  on  the  satellites  of  Jupiter  may  be  briefly 
stated  as  follows : 

Satellite  I  appears  to  be  a  prolate  spheroid  revolving,  end 
over  end,  about  one  of  its  minor  diameters  in  a  period  of  IS*"  00" 
38'  according  to  observations  in  1894.  In  1895  the  period  was 
within  one  minute  of  time  of  the  same  quantity.  The  axis  of  ro* 
tation  is  very  nearly  perpendicular  to  the  plane  of  the  orbit  of 
tbe  sa  tellite,  and  tbe  greater  diameter  seems  to  b«  inclined  about 
4^  to  the  plane  of  tbe  orbit,  or  86°  to  the  axis  of  rotation.  The 
statement  made  by  the  author  concerning  these  details  is  that 
they  were  seen  without  difficulty,  and  consisted  of  north  and 
south  lines,  or  belts,  frequently  bent. at  the  center,  and  an  occa 
sionally  bright  equatorial  belt. 

Satellite  II  is  the  most  difficult  of  the  four,  and  very  little  in 
detail  was  learned  abont  it  by  observation.  An  elliptical  form  is 
suspected  and  a  north  and  south  belt  is  thought  to  exist  extend- 
ing in  a  direction  parallel  to  the  supposed  elongation. 

Satellite  III  apparently  has  but  slight  eltipticity  in  a  direction 
perpendicular  to  its  orbit.  Fifteen  drawings  of  this  satellite  were 
made  and  the.  more  conspicuous  markings  were  a  northern  helt, 
rarely  a  central,  forked  belt,  and  once  a  southern  belt.  The  white 
cap  at  the  north  pole  of  the  satellite  in  1894  and  1895  was  a  con- 
spicuous object,  and  carefully  observed  at  Mt.  Hamilton  as  well 
as  at  the  Lowell  Observatory.  In  the  24  inch  instrument  this 
white  north  polar  cap  appeared  to  be  associated  with  the  north- 
em  belt,  and  the  author  of  this  description  suggests  that  it  is 
probable  that  one  may  be  a  contrast  effect  of  the  other.  The 
time  of  rotation  of  this  satellite  is  given  as  2''  9''  as  determined 
by  observations  of  this  northern  belt. 

Satellite  IV  has  a  period  of  rotation  of  about  five  days,  a  time 
probably  identical  with  its  period  of  revolution  about  its 
primary.  The  markings  on  this  satellite  are  an  equatorial  belt, 
sometimes  forked,  and  on  one  date  a  well-marked  southern  belt, 
with  a  bright  south  polar  cap.  The  drawings  of  1894  and  1895 
are  in  good  agreement.  The  form  of  the  fourth  satellite  is  thought 
to  be  like  that  of  the  third,  a  prolate  spheroid,  keeping  the  same 
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face,  constantly  toward  its  primary,  and  turning  on  an  axis  in- 
clined only  15°  to  its.greatest  diameter. 

These  satellites  have  different  colors.  "If  the  first  is  taken  as  a 
standard  yellow,  the  second  satellite  has  a  trifle  of  red  with  it, 
the  third  a  little  gre<  n,  and  the  fourth  has  red  and  green  with 
only  a  little  of  the  yellow," 

The  work  on  the  planet  Mars  was  done  in  the  years  1896  and 
1897  with  the  24-inch  Clark  refractor.  The  range  of  positive 
eye-pieces  used  was  of  powers  186  to  1580.  The  least  and  the 
greatest  negative  eye-pieces  were  of  powers  129  and  4138.  The 
subjects  of  study  were  the  polar  caps  of  the  planet,  the  diameters 
of  the  planet  and  the  positions  of  the  markings  on  the  surface, 
the  drawings  and  notes,  tbe  map  oT  the  surface  for  1896-7,  the 
doable  eiuials  and  the  canals  in  the  dark  regions,  the  seasonal 
changes,  limb  and  terminator  observations  and  a  summary  of 
notes  upon  the  meteorology  and  surface  condition  of  Mars. 
Over  one-half  of  this  large  volume  is  devoted  to  this  planet. 
The  deductions  made  from  this  large  amount  of  observational 
matter  may  be  briefly  presented  under  a  few  heads  as  follows: 

1.  Concerning  the  existence  of  an  atmosphere  on  the  planet, 
the  Flagstaff  observers  say :  "Evidence  is  given  of  the  existence 
of  simple  meteorological  phenomena,  occurring  on  Mars,  tbe  mi- 
gration of  the  heat  equator,  the  winds  toward  it  and  from  it 
causing  an  interchange  between  the  poles  and  tbe  equator,  cy- 
clonic storms  and  diurnal  effects.  This,  so  far  as  it  goes,  sus- 
tains the  idea  that  tbe  meteorology  of  Mars  is  similar  to  our 
own,  save  in  the  changes  caused  .by  the  limited  water  supply." 
As  the  polar  caps  sometimes  disappear  the  heat  equator  must 
sometimes  practically  reach  to  the  pole.  This  has  never  hap- 
pened on  the  Earth  in  historic  time,  although  geology  and  as- 
tronomy point  to  such  possibilities  at  some  remote  time  in  the 
past. 

2.  In  regard  to  moisture  it  is  said  that  thequuntity  is  vet?  small, 
and  appears  chiefly  at  the  heat  equator,  at  certain  seasons  and 
near  the  polar  re^oas.  The  increase  in  the  polar  indicates  an  in- 
crease of  moisture  in  the  late  Martian  autumn  and  winter,  rising 
to  maximum  in  the  late  winter,  lessening  in  the  spring  and  dis- 
appearing in  the  summer.  It  is  an  interesting  sight  to  see  one 
polar  cap  decreasing  and  vanishing  when  tbe  cap  at  the  opposite 
pole  is  forming  and  increasing.  "This  indicates  an  interchange  of 
moisture  between  the  summer  and  winter  hemispheres.  Radiation 
and  polar  clouds  are  the  more  common  forma  on  Mars ;  cyclonic 
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and  coQvectional  plouds  are  very  rare."  It  seems  as  if  the  larger 
transportation  of  moisture  is  aerial,  while  that  on  the  surface  of 
the  planet  is  more  limited. 

3.  The  question  of  temperature  has  always  beeaoneof  the  most 
interesting  ones  in  the  study  of  the  physical  conditions  of  the 
planet.  A  knowlege  of  the  temperature  ought  to  aid  in  the  ex- 
planation of  the  dark  areas  which  are  variable  and  therefore  dif- 
fficult  to  measure.  It  is  noticed  that  the  color  of  the  dark  mark< 
ings  in  high  latitudes  changes  from  green,  at  the  melting  of  the 
polar  caps,  successively  to  brown  and  yellow  as  thecap  disappears. 
These  changes  are  so  much  like  those  of  the  Earth,  in  regions 
near  the  equator,  that  there  is  reason  to  suppose  that  the  dark 
markings  on  the  planet  mean  vegetation.  From  all  that  can  be 
gathered,  it  would  seem  that  the  mean  temperature  of  the  poles 
of  the  planet  is  likely  not  far  below  freezing  point,  and  that  the 
contrast  between  night  and  day  is  considerable. 

The  beautiful  plate  which  is  nnmbered  XLI  ia  the  volume  is  re- 
produced to  bring  to  the  eye  of  the  reader,  a  view  of  all  the  dark 
markings  on  entire  surface  of  the  planet  to  70°  of  latitude  north 
and  south  of  the  equator,  as  an  aid  to  the  description  that 
precedes. 

We  ought  to  say  in  this  connection  that  we  have  just  received 
an  interesting  publication  from  V,  Cerulli  of  the  private  Observa- 
tory  at  Collnrania,  which  gives  quite  fully  the  observations  of 
Mars  for  the  years  1898  and  1899,  and  which  contains  all  of  the 
surface  markings  uf  the  planet  as  seen  two  years  later,  which 
are  presented  also  in  a  chart  on  about  one-half  the  scale  of  the 
one  prepared  at  Flagstaff.  It  will  be  profitable  later  to  make  a 
careful  comparison  of  these  two  volumes  giving  study  to  the 
planet  Mars,  to  so  late  a  date. 


SPECTROSCOPIC  NOTES. 

Spectrofcoptcacimce  baa  aufTered  a  acvcre  Ioh  in  the  anddm  deatb  Aug.  12  at 
8aii  Franciacoof  Prof.  Jamea  Bdward  Keclcr,  Director  of  the  Lick  OlMcrvatory. 

Prof.  Keeler'a  early  experience  in  spectroacopic  work  was  as  a  jtradoate 
atadent  at  Johns  Hoplttol  UniTeraitr  and  aa  aaaittant  in  tbe  apectroacopic  and 
bolometric  work  of  the  Ailegheny  Obaerratorj. 

Leaving  Allegheny  for  the  Lick  Obaervatory  in  the  early  bistoiy  of  that  inttt- 
tntion  be  there  made  bis  clauical  reaearcb  on  the  motion  of  nebnlR  in  tlte  line  of 
sight,  {Pablic&tioaa  of  tbe  Lick  Obaervrntorj,  Vol.  III).  In  this  work  he  naed  a 
grating  apectroicope  attached  to  the  36-incb  equatorial,  naing  chiefly  tbe  third 
and  fourth  order  apectra  in  order  to  accure  the  neceaaary  diaperaion.  The  uncer* 
tainty  with  regard  to  the  abaolnte  porition  in  tbe  apectmm  of  the  cbief  nebula 
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line  be  •ought  at  first  to  retnore  by  awamiiiK  tbat  tfae  average  TCtocitj  of  tbe 
ncbaUe  nuaaiiRd  was  lero;  an  auumption  admittedly  dangeron*  on  acconiit  of 
tbeirBmallanmber  and  their  nniymetrkal  diatribation  in  tbe  tky.  Later  the 
mottona  of  tbe  nebula  of  Orion  and  of  tbe  nebula  G.  C.  4'390  were  meainred  by  a 
fioesetiea  ofeompariaona  of  tbe  poaitlon  of  tbe  P  line  of  hydrogen  aa  abown  by 
these  nebnlte  with  tbe  poaltion  of  the  asme  line  given  by  terreatiial  hydrogen;  tbe 
poaitlon  ol  tbe  chief  nebnla  line  a*  detcrraiaed  by  coinpariaOD  with  a  neighboring 
lead  line  waa  in  each  corrected  for  nebnlar  motion  and  •»  waa  fixed  definitively 
16007.06±0.03.  Tbe  motion*  of  tbe  nebnl«  were  ahown  to  be  of  tbe  same 
order  aa  thoae  of  tbe  atara,  ranging  from  40.3  miles  per  second  of  approach  to 
30.1  miles  per  secood  of  recesaioD  ;  with  an  average  motion  of  perbaps  15  miles 
per  second.  Tfae  mcasnres  fnrtber  showed  indubitably  a  motion  of  the  solar  sys- 
■tnn  m  the  direction  prrvionsly  indicated  by  proper  motions  of  the  stars. 

Leaving  the  Lick  Observatory  after  tlie  completion  of  his  work  on  tbe  motion 
of  the  nebaJE  Prof.  Kceler  was  appointed  Director  of  tbe  Allegheny  Observatory. 
Here  hit  spectroscopic  work  was  photographic.  The  plates  osed  were  nsnall;  iso- 
cbromatic,  which  admitted  of  valoable  work  on  tbe  yellow  and  orange  of  the 
star  spectra.  Prof.  Keeler's  most  coDS|ncnons  contribution  to  spectroscopic 
science  during  his  residence  at  Allegheny  was  his  spectroscopic  confirmation  of 
tbe  meteoric  constitntlon  of  Satnm's  rings.  In  photograping  tbe  spectmm  of 
Satnm  for  this  pnrpose  tbe  isochromatic  plates  were  sufficiently  sensitive  to  al- 
low tbe  use  of  the  yellow  ol  the  spectrum,  while  the  granulation  of  tbe  plates  was 
sufficiently  fine  to  permit  tbe  detection  of  inclination  of  excessively  short  spectral 
lines  obtained  from  tbe  small  image  of  tbe  planet  given  by  tbe  Allegheny  tele- 
scope. The  slit  of  the  spectroscope  was  placed  along  Saturn's  equatorial  di- 
ameter, cutting  the  ball  of  the  planet,  tto^,  beyond  tbe  vacant  interval  at  each 
side,  the  rings.  Tbe  lines  in  tbe  spectrom  diK  to  the  ball  of  the  planet  were  in- 
clined so  as  to  indicate  a  rotation  of  tbe  planet,  though  not  to  determine  this 
rotation  so  accurately  as  it  had  been  otherwise  derived.  The  lines  due  to  the 
rings  were  olso  inclined,  but  in  the  opposite  direction,  demonstrating  that  tbe 
inner  edge  of  the  ring  moves  faster  than  tbe  outer;  which  is  clearly  impossible  if 
the  rings  are  solid. 

The  character  and  promise  of  Prof.  Keeler's  work  naa  soch  as  very  properly 
to  inspire  a  desire  on  the  part  of  tbe  citizens  of  Pittsburg  and  Allegheny  that  a 
large  telescope  should  be  available  for  its  prosecution.  Accordingly  a  movement 
was  inaugurated  for  tbe  erection  of  a  30-inch  telescope  and  tbe  removal  of  the 
Observatory  to  a  new  and  more  saitable  site.  Measures  were  being  energetically 
taken  to  this  end  wbcn  the  project  was  intermpted  by  circnmstance  arising  from 
tbe  outbreak  of  the  Spanish  war. 

Go  the  delay  then  ensuing  Prof.  Keeler  accepted  tbe  offer  of  the  poaition  of 
Director  of  the  Lick  Observatory,  which  be  held  at  the  time  of  his  death.  Here, 
with  what  seems  certainly  rate  genenwty,  be  resigned  not  only  the  spectroscopic 
work  of  tbe  Observatory,  hot  the  use  of  the  great  refractor  aa  well,  into  other 
hands,  and,  dtscontinnlng  his  spectrosco|ric  work,  has  been  engaged  io  securing 
his  remarkable  series  of  photographa  with  tbe  Crossley  refractor. 


In  the  AitropbjiiaU  Joaraml  for  July,  Bzner  and  Hatchek  give 
nlicoD  linea,  comi^tely  confirming  Ur.  Lunt  in  attributing  certain  Ui 
spectra  of  several  stars  to  silicon. 
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Id  the  Plulotophka}  MmgaMiae  for  September  Prof.  Trowbridge  detcribca  his 
esperimeiits  on  tbe  •pectra  of  hydrogen.  The  four  line  ■pectmm  be  fonad  verj 
readily  produced  in  tbe  preience  of  water  Tapor.  The  prcaence  of  the  fonr  line 
•pectmm  of  hydrogen  in  tbe  inn  he  regardi  aa  aobstantia)  evideace  in  bvor  of 
tbepreaencein  the  inn  ol  water  Tapor,  andconseqoentlj  ot  oiyfcen. 


The  Aatropbjakml  foaraMl  for  Jnl  j  devotes  fifty  page*  to  American  eclipse 
report*  from  tbe  varionfl  parties  along  the  path  of  totality.  Spectroscoinc  work 
conatitntei  a  considerable  part  of  the  total  work  of  tbe  larfcer  parties. 

The  Naral  Observatory  was  represented  by  three  parties,  two  near  the  cen- 
tral line,  at  Ptnehnrst,  N.  C,  and  at  Bamesrille,  Gb.,  and  one  jnst  inside  the 
northern  limit  of  totality,  at  Griffin,  Ga.  The  cqnipment  inclnded  a  prismatic 
camera,  a  slitless  spectrograph,  two  grating  objectivea,  and  three  concare  grat- 
ings. Tbe  observations  with  the  concave  gratings  for  various  reasons  all  failed. 
Dr.  Hnff  with  a  grating  objective  (plane  grating  with  quartz  lens)  at  Pinebnrst 
obtained  three  snccenfnl  {dates,  one  giving  fonr  corona  lines  in  tbe  nitra-violet. 
With  the  prismatic  camera,  naing  erythro  plates,  a  good  photograph  of  the 
■pectmm  of  tbe  flash  wai  obtained,  sbowinga  large  number  of  bright  lints,  in- 
cluding six  or  eight  in  the  red  and  orange  between  C  and  Di.  Prof.  Lord's  ob- 
servations with  objective  prism  train  seem  to  indicate  a  very  short  duration  of 
flash.  Mr.  Jewell  at  the  station  near  the  limit  of  totality  was  able  to  observe 
the  gradnal  appearance  of  th«  revet*al  of  tbe  metallic  lines;  and  infers  that  the 
chromosphere  is  dense  at  its  base,  probably  mer^ng  into  the  upper  photosphere. 

With  tbe  Smithsonian  party  at  Wadesboro.  N.  C,  tbe  objective  prisim  with 
tbe  136  ft.  lens,  which  was  responsible  for  the  striking  Ufurcated  appearance  of 
that  apparatus,  for  some  unknown  reason  failed  to  give  any  resntts. 

In  the  Princeton  party  at  Wadesboro,  N.  C,  Prof.  Miller  observed  in  the  flash 
fewer  lines  than  had  been  expected,  and  at  mid  totality  saw  eight  bright  rings. 
Prof.  Yonng,  contrary  to  his  experience  at  three  prerions  ecbpses,  was  entirely 
unable  to  see  tbe  green  corona  line,  and  Mr.  Russell  was  equally  nnsnccessfnl. 
Tbe  plate  exposed  in  tbe  large  spectrograph  especially  with  a  view  of  determin- 
ing tbe  pontionofthe  corona  line  in  the  spectrum  failed  to  show  any  trace  of 
the  line. 

In  the  Verkes  Observatory,  also  at  Wadesboro,  Prof.  Frost,  aaristed  by  Dr. 
Isham,  obtained  photographs  of  the  flash  spectrum  at  second  and  third  contacts 
and  of  tbe  spectrum  of  tbe  cusps  some  seconds  after  totality.  One  plate  of  the 
violet  part  of  the  corona  spectrum  was  secured,  showing  several  chromosphere 
lines  and  one  or  possibly  two  corona  lines.  No  results  were  secured  from  tbe 
attempt  to  obtain  a  photograph  of  tbe  red  end  ol  the  spectrum  with  a  plane 
grating. 

In  the  party  from  Brown  University,  stationed  at  Centerrille,  Va.,  Mr. 
Slocum  used  successfully  a  prismatic  camera,  securing  platea  which  show  a  con- 
siderable number  of  bright  lines,  including  prominently  the  chief  chromosphere 
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PLATWT  NOTES  FOR  OCTOBER. 

H.  C.  WILSON. 

Mercatj  will  be  CTCtiitig  star  daring  tbia  montb,  comiii);  to  f^eatcBt  caBtem 
elongation,  23°M'  from  tbe  Sun,  on  Oct.  29.  Tbe  pUnct  may  then  be  seen  near 
flouthwestem  horison  toov  after  stinBet,  but  onlj  for  a  ibort  tine. 


The  C0NSTBT.1.&TIONS  AT  9  P.  H.,  Octobbi  1,  1900. 


Veaua  is  tbe  bright  ttar  in  tbe  east,  rising  a  little  before  three  o'clock  and 
reaching  the  meridian  abont  nine  o'clock  in  the  morning.    Her  coniae  is  sontb- 
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eastward  throngfa  Leo.  Od  the  morning  of  Oct.  7  VeaoB  will  be  in  conjunction 
with  the  first  magnitude  Star  Regulua.  the  former  bein'g'about  one  decree  noith 
of  the  latter.    The  waning  moon  will  be  in  conjunctiofl  with  Venus  on  the  19tli. 

Mara  rises  toward  the  nortbeait  nbout  midnight,  and  moves  eastward 
tbrougb  Cancer  during  this  montb.  The  planet  ii  conspicuous  for  its  ruddy 
color  totbc  naked  eve,  being  a  little  redder  and  brighter  than  the  star  Aldebaren. 
The  Moon  will  be  in  conjunction  with  Mars  on  the  night  of  October  16.  The 
distance  of  Mars  from  the  Earth  is  about  158.000,000  miles  and  the  apparent 
diameter  of  the  disk  of  the  pUnrt  is  6nl>  sii  seconds,  so  that  obBervations  of  Us 
surface-markings  are  yet  very  difficult. 

yupiter.  SaCum  and  I7raaua  are  evening  stars  but  too  low  intbesonthwest  for 
observation  except  daring  the  twilight. 

Keptaae  rises  between  nine  and  ten  o'clocli  in  the  evening  end  may  be  ob- 
served under  favorable  conditions  daring  the  latter  half  of  the  night.  The  po- 
rtion of  the  planet  October  1  is  R.A.  6"  56"  38'.  Dec.  22°  13'  16".  North. 

Eros— The  Astrooorniache  Nacbricbten  No.  3662  contains  an  extension  of  the 
ephemerisof  bros,  by  Millosevich,  Irom  Jan.  1  to  April  1, 1901. 


The  Moon. 

KfMi.  3eU. 

ICcatral  Standard  Time  at  Nortbfl*ldi 


Time  ISm  Icm.) 


1     Firat  Quarter 1  32  P.  H. 

8     Full  Moon 5  31     - 

15    Third  Quarter 11  45     " 

23    New  M-Joo 6  50  a.m. 

31    First  Quarter 1  32  p.  M. 


Occtdtations  Visible  at  Washington. 


IMMERSION 

EMBRSION. 

star'* 

Masui- 

Warting- 

Angle 

WaihiDg-      Anal 

tudt. 

■mNpt. 

lOBM.'?     fmS 

29  Sagittarii 

5.5 

8    32 

17 

9    16        308 

Lalande  44337    6.3 

12    44 

121 

13    17        184 

9  Piscium 

66 

6    56 

7 

7    33        299 

16  Piscium 

5.8 

12    01 

79 

13    08        223 

19  Piscium 

4.9 

17     17 

27 

17    52        295 

13  Tanri 

5.7 

15    16 

142 

15    54        200 

CTauri 

3.1 

11    27 

76 

12    33        275 

29  Cancri 

6.0 

16    07 

76 

17    18        324 

Uranus 

5    26 

95 

6    39        256 

52  Ophinchi 
B.A.C.  5954. 

65 

5    32 

60 

6    39        290 

6.8 

7    28 

68 

8    27        283 

B.A.C.  6658 

7.3 

7    56 

11 

8    33        307 
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TASIABLE  STARS. 


J- J 
Minima,  of  the  Variable  Stara  of  tb«  Alxol  Type. 

(QItcb  to  the  neareat  boor  in  Oreenwlch  Time.) 
1900. 

D  CEPHEI.  ALGOL.  U  CORONAE.  W.  DBLPHINI. 


12       Not. 


Not. 


13      Not. 


12 


24         8 

R  CANIS  MAJ 

P  =  1^  3.3". 

Oct.       31         0 
Not.      30       16 

CANCRL 

Y  CYGNI. 
2P  =  2'  23.9''. 

7       20 
17         8 
26       19 

Odd  min. 

Oct.         28       IS 
Not.       27       IE 

Maxima  and  Minima  of  Lonf  Period  Variable*. 

1900  December. 


MAXIMA,  Con't. 


MAXIMA  CoD-t 


8SCyj(iii_ 


BU  Cyjini 

V  Aqaarii 
T  Centauri 
BV  HercaUs 
T  LeporU 

X  CflBsiopeae 

U  Arietia 

RT  Hcrculia 

X  Librae 

T  Camelopardalig 

R  Aqaarii 

V  Librae 

V  Cephei 
WPerari 

T  Andromedae 
Z  Librae 


W  Capricorni 
X  Delphini 
R  Virgioia 
W  Librae 
Z  Ophiachi 
XCeti 
Z  Cygoi 
RX  Sagictarii 
T  Delpbioi 

RR  Sagittarii 
R  Tnaneali 
U  Bootia 
T  Geniiiorain 
R  Cancri 
Z  Satcittarii 


S  Delpfaini 
RR  CjKpi 
R  OHoDiB 

MINIMA. 

R  Colnmbae 
U  OrioDia 
Y  Virginia 
X  Getninomm 
R  Camel  opardalia 
R  Caasiopcae 
U  Canie  miaoria 
R  Uraae  Majoris 

RScDlptoria 
R  Booti* 


NOTES  TO  THE  EPHEMERIS. 
The  datea  are  taken  aa  before  from  Dr.  Hartnig'a  paper  in  tbe  VkrUljahr*- 
KhxiA,  except  for  Y  Cjgai  for  which  I  haTC  naed  Dnner'a  data  giTCo  in  Ho.  3633 
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of  the  Naebtkbtea.  Tbeic  timet  arc  two  and  three  houn  later  than  thoM  in 
Hartwig't  epbemeris. 

W  Pcrtei  is  called  V  Peraei  in  Cbaodler'a  Tbird  Catalogue. 

SSCYGM.~Tbt  masiina  are  now  abont  a  month  behind  the  epbemeria, 
which  is  fonnded  on  the  changes  obMrvrd  prCTJoni  to  the  reversal  of  the  order 
of  ma zi ma  which  occnrred  in  the  early  part  of  1900.  The  rite  which  was  set 
for  Aug.  8  bj  this  epbemeria,  did  not  take  place  till  Sept.  7. 


The  lollowini;  items  of  news  are  extracted  from  Part  2  of  Vol.  35  of  the 
Vittteljabnscbrift.  wblch  has  jnst  appeared. 

BA.MBBRG  —For  the  year  ending  May  1, 1900,  Dr.  Hartwig  reports  733  ob- 
servations  of  variables  by  Argelander's  method.  Of  tbis  number  77  referred  to 
SS  Cygai.  Of  this  star  lb,;  intervals  between  tbe  tinea  of  rise  xince  Oct.  26, 1899. 
were  32,  35, 69  and  48  days.  U  Geminonim  was  found  bright  from  April  1  to  3. 
Minima,  of  Al^ol  and  A  Tanri  were  observed  on  three  nights,  and  light  estimates 
were  made  of  /S  Lyrar,  17  Aqnilae  and  ^  Ccphei  on  IS  nights.  The  variability  of 
one  of  tbe  Pleiades  siam,  b.l>.  +  24°531,  was  discovered  bj  pbotograpfay.  Its 
magtmnde  in  the  B.U.  is  9.5.  but  it  was  fainter  than  12tb  mugnitnde  in  Novem- 
ber 1899  and  certainly  fainter  than  lltb  magnitade  in  April  1900. 

HEWBLBEi{G.~Dt.  Valeatiner  announces  the  early  publication  of  Sch&n- 
field's  original  observations  of  variable  stars.  Most  of  tbem  were  made  at 
Mannheim  from  I86S  to  1875.  There  are  35963  complete  observatona  of  117 
variables,  comprising  over  80000  single  estimates,  bendes  4000  or  SOOOcompari- 
•ons  of  thecumpariaon  stars  ami>Dg  ihemselveB.  It  is  needless  to  say  that  tbe 
quality  of  these  observations  is  fully  equal  to  the  quantity,  and  the  publication 
will  be  simply  invaluable. 

Aff'.VfCil.— Observationsof  NOira  Aurigae  were  continued  and  adeclioeof 
0-2  magnitude  was  recorded  in  1899.  On  the  22d  ol  December  it  was  estimated 
as  12.7  nr  12  8  magnitude. 

VIbNNA.—{Tbe  Von  Kaffaer  Obserratorj.)  Dr.  Wirtz  has  continued  the  in- 
vestigatiun  begun  by  Dr,  8chwarticbild  of  the  determination  of  the  photographic 
liffht  carves  ol  variables.  Preliminary  reilnctions  lead  to  the  conclusion  that  the 
curve  lur  S  Cephei  resembles  that  fur  7  Aqnilae,  that  is  the  photographic  ampli- 
tude is  nearly  double  the  optical,  thus  showing  a  decided  increase  of  rednesa  at 
minimum. 


OBSBRVATIONS  OF  FAIN  T  VARIABLES  AT  THE  YERKES  OBSERVATORY. 


Tbe  greater  part  of  tbe  work  hitherto  done  on  variable  stars  consists  in  de- 
terminations of  their  maxima  and  periods,  cumparatively  few  of  tbem  being  fol- 
lowed through  the  complete  cycle  of  their  change.  As  a  result  our  Itnowledge  of 
tbe  variation  ol  most  stars  is  fragmentary.  For  tbis  reason  the  opportnaitj  to 
observe  laint  minima  with  the  Ycrkes  1^  and  40-inch  telescopes  «as  welcomed  by 
tbe  writer,  and  the  following  items  from  the  work  done  between  January  and 
AngnsI,  1900,  may  be  of  interest.  Tbey  are  eitiacted  from  Bulletin  No.  13  of 
tbe  Ycrkes  Observatory: 

This  preliminary  report  will  be  followed  by  more  definite  results  when  the 
magnitudes  of  the  comparison  stars  have  been  determined  with  tbe  stellar  photo> 
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metCT,  DOn  in  use  is  tbi*  work.  The  roagoittidM  gWtn  in  the  preaent  paper  are 
only  approximate,  based  on  tbe  eisumption  tbat  the  limit  of  tbe  12-incli  ii  14.0 
magnitade,  and  that  of  tfaelO-incb  17.0  muKaitnde. 

Of  the  22  stars  in  this  report,  16  are  contained  in  Chandler's  Third Catmlogae 
of  Variable  Stars  and  aupplem«nti.  For  these  stars  Table  I  gives  from  this  cats- 
lofjnc  the  minimnm  magnitude  and  nnmber  ol  minima  on  record,  to  show  what 
was  previonsl;  known  on  the  subject ;  also  tbe  results  of  the  work  at  the  Yerkea 
Observatory  from  Januarj  to  Jnne  1900.  givinj;  the  date  and  magnitude  of  the 
observed  mini roa. 

TABLE  [. 


Prom  III.  C«t. 

Y«k..ob.erva«o„. 

MIn.  mBE. 

No. 

1900 

mag. 

<13.7 
12.0-1  *,0 
13.1 
<12 
<13.5 
<1  + 
<14,7 
<14 
<13 
<13 

<12 
12  0 
12? 

3 
3 

3 

January 
April 

February 

MBrx:b 

May 

Feb.  or  Mar 

M.. 

February 
May 

15 

16 

Six  of  the  stars  in  Table  I  did  not  pass  minimam  during  tbe  time  covered  by 
this  report;  tbe  fullowiuK  notes  show  tbe  observed  magnitudes,  tbe  stars  being 
referred  to  by  their  numbers  only  : 

262S    14.S  magnitndeby  tbe  endof  January. brighter  by  middleof  Febniarr. 
2815    Carefully  lolluwed  throaghont  its  period.   About  14  magnitude  at  normal 

|igbt.  but  with  considerable  flue t nations. 
2976    Has  a  13  magnitude  companion,  10".8  preceding,  on  the  parallel. 
5593    16  magnitnde  and  rising  early  in  February. 
5831    Apparently  stationary  at  16  magnitude  in  February.  * 

6871    Abont  15.6  magnitude  early  in  June  and  still  fading.. 

7458  Maiimnm  1899  October  1,  at  7.5  magnitude;  inriiiblein  40-incb  <low 
power)  1900  July  !0,  thercfure  <  17  magnitude:  a  ranee  of  nearly  or 
quite  10  magnitudes. 

Particular  attention  has  been  paid  to  new  variables,  not  in  the  Third  Cata- 
logue, whose  light-curves  suggest  very  faint  minima.  Table  II  gives  six  star* 
selected  from  these,  showing  the  number  (in  parenthesis,  provisionally  assigned 
by  the  writer),  the  place  for  1900.  found  by  micrometer  measurcB  with  the  40- 
inch,  except  for  the  2d  and  Sth,  tbe  discoverer,  and  a  reference  to  the  announce- 
ment of  discovery  in  the  Attroaowisebe  Nacbrichten. 
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TABLE  11. 

tR'S  TBIRD  CA.TALOGUB. 


.«00. 

DlacOTcrer 

Att.  Nach. 

R.  A. 

Deo. 

Vol. 

Page., 

5  20      8.6 
13      2    39.5 
17  56    17,2 

20  11    32  9 

21  3    38  5 
33  39    il.l 

+36  +8  53 
-12  37  50 
+54  52  45 
+30  46     3 
+82  39  50 
+56      1   35 

Ceraski 
SchwaBimann 
Anderaon 
Andersoii 
Ccraski 
Anderson 

148 
152 
151 
150 
147 
14fi 

(46961 

183 

(8517) 

79 

The  prelimioerj  results  of  the  obBervatioai  of  tbeteaew  rariahlea  are  Kiven 
in  the  following  note*: 

(1922)    Minimnm  early  in  March,  about  15  magnitude. 
(4696)    Not  visible  in  the  12-inch  |ane  20.  limit  abont  13  niagnitade.    Between 

13  and  14  magnitnde  July  5,  with  40  inch. 
(6468)    Not  visible  in  12  inch  in  March,  limit   14   magnitude,   had   risen  to   10 

magnitude  by  June  23. 
(7268)    Minimttm  ia  May,  abont  14.6  maKnitnde. 
(7579)    Bad  passed  below  the  limit  of  tbe  40-ioch  in  June,  and  therefore  not 

brighter  than  1 7  magnitude- 
(8517)    Stationary  at  abont  15  magaitndeiii  Jaoaary,  rising  ia  February. 


COMET  NOTES. 

Bphbmbris  op  Coubt  b  1900. 
pp.  *app.  Logr 


»9    45 

+M 

38.1 

0. 149* 

o.rios 

32    S3 

\in 

"93 

?U( 

46.6 

07 

24. 5 

169. 

1357 

41     53 

"757 

>434 

44    so 

IS08 

47    44 

.887 

50    38 

18.7 

1646 

7,6 

S6    27 

i-i 

58-3 

ao78 

59    " 

50.9 

J 141 

6S 

45.6 

.895 

I  ■! 

«.S 

42.1 

M64 

1946 

65 

40.4 

,998 

65 

40.5 

»384 

SO49 

14      3 

+^5 

4J.4 

0.1444 

0.03 


Search  Ephemet  1b  for  Comet  1884 II,  (Barnard).— This  comet  was 
not  fonnd  at  its  rctarn  to  perihelion  in  1 894  and  1895  because  of  its  unlavorable 
titnatioD.  This  ^ear  aKA'"  its  position  is  quite  unfav<irable.  It  will  be  at  peri* 
belioQ,  according  to  the  cphemerides  on  October  28,  1900,  and  will  then  be  only 
from  three  to  (bar  hours  east  of  the  San,  and  abont  thirteen  degrees  farther  to 
the  Bonth  than  that  body.  In  the  southern  hemisphcTC  tbe  situation  is  somewhat 
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more  favorable  and  it  maj  be  powible  that  the  comet  may  be  fonnd.  In  the 
Astroaomische  NMcbrkbten  No.  3660,  Dr.  Berbencb'  fflvt*  a  aearcb  epfaenieria 
of  the  comet,  a  portion  of  which  we  (tiTe  faere. 


Berlin  ^IdalBbt. 

R 

A, 

Dec. 

Logr 

Log^ 

Li 

Oct. 

3 

i6 

13-8 

-*5 

45 

7 

■  6 

a8.s 

z6 

13 

0.1 170 

i6 

43-6 

36 

37 

'S 

i6 

590 

26 

55 

1 123 

0.2016 

•9 

17 

14.8 

27 

07 

n 

17 

30-9 

a? 

1097 

«7 

"7 

47-a 

*7 

3" 

■S 

3-7 

37 

04 

1095 

0.20S0 

Nov 

4 

18 

20.3 

26 

50 

8 

18 
18 

36.9 

S34 

26 

26 

29 

° 

1 114 

0.213s 

" 

i6 

'9 
19 

?A 

as 

24 

26 

45 

"55 

0.2207 

" 

24 

"9 

42-4 

"3 

57 

1216 

0.2298 

aS 

'9 

S8-3 

a3 

03 

Dec. 

* 

20 

'3-9 

—22 

05 

0 

"95 

0.3405 

° 

As  the  time  of  perihetioo  is  nncerteiii  hv  two  or  three  weeks  the  observer  will 
need  to  extend  his  search  to  a  conaiderable  distance  on  each  side  of  the  predicted 
place  of  the  comet,  possibly  as  far  as  a  half  honr  in  R.  A.  and  B  dexree  or  more 


GENERAL  NOTES. 


We  have  greatly  tried  tbe  patience  of  our  subscribers  for  the  last  three  issues, 
sometimes  for  good  and  sufficient  reasons,  and  sometimes  for  reasons.  Ihongb 
beyond  our  control  at  the  time,  were  not  good  reasons.  We  believe  that  we  will 
have  no  more  tronbleoftbis  kind,  and  that  hereafter  each  number  will  be  mailed 


We  have  given  considerable  space  in  this  number  to  useful  tables  fortbeobser- 
vatioDS  of  tbe  planet  Bros,  becatise  there  are  so  many  observers  who  arc  supplied 
with  telescopes  who  may  wisb  to  do  some  work  of  this  kind  duiing  the  weeks  to 
come,  that  such  aid  may  be  quite  widely  nsefni. 


Obaervatlons  of  tbe  Partial  Eclip«e  of  the  San,  May  28,  l»00,a 
Orono,  Maine. — 

Lonaitude    4*  34"  4.0'  5  W. 
Latitude    4*°  54'  3"  N. 


Observer  A.  R.  Crathorne 

Instrument        i-in,  Clark  telescope 
First  Contact  8"    I"    !• 

Last  Contact  10  37    12 

Times  are  reduced  t 


F.  C.  Milchell  L.  H.  Homer 

Repsold  Vertical  Circle    3  in.  telescope 
gh    Qa    33.  8»    0"    27' 

10   37       11  10   37       15 

I  Eastern  .Standard  Time. 


The  Recent  Solar  EcHp»e.— The  report  of  the  expeditions  organized  by 
the  British  Attronomical  Aiaociation  to  observe  the  total  solar  eclipse  of  May 
28. 1900,  will  be  contained  in  a  volume  shortl;  to  be  issned  trom  the  office  of 
KaowScdge.  The  work  will  be  edited  by  Mr.  E.  Walter  Maunder,  F.  R.  A.S.,and 
will  contain  many  fine  photographs  of  tbe  various  stages  of  the  eclipse. 
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Observatiott  of  Ctmtacta  by  the  CrelKhton  University  Party  at 
Washingrton,  Ga.— The  interna!  contacts  were  otwerved  with  the  naked  eye. 
The  external  contacta  were  obserred  bj  projecting  the  Sna's  image  upon  a  white 
screen  aecnred  by  two  light  wooden  rods  beyond  the  eye-piece  of  a  3-inch  tele- 
scope. I  prefer  this  way  of  obaerring  the  Snn  to  the  more  nenal  direct-Tiaioii 
method  by  meant  of  a  sunshade  or  helioacope,  becanse  the  projectionnietbod  does 
away  with  the  heat  and  glare  of  tbe  Snn,  admit*  of  tbe  dbc  of  botb  eyes  and  of 
any  desirable  masnifyine  power,  is  cqaal,  if  not  superior,  in  accaracy  of  obser* 
vatioo,  and  especially  because  it  enables  the  observer  to  mark  tbe  point  of  first 
contact  upon  tbe  screen  and  tbns  obtain  the  advantages  of  a  positian  micrometer 
from  B  telescope  of  tbe  most  ordinary  constmctioa  and  mounting. 

Tbe  comparison  of  observed  and  compnted  time  is  as  foliows: 
Central  Time.  I  II  III  IV 

Computed  6  33  IT.O        7  40  57.1        7  4>2  23.0  8  59  29.8 

Obierved  6  33  18.3        7  40  50.0       7  42  16.0  8  59  16.6 

Compnted  -  Observed         - 1.>3  +7.'l  +7.*0  -f-ll.'2 

Mid  Totality       Duration  of  Totality     ^Vhl,"  ^U^ 

Compnted  7  41  40.0  1  25.9  2  26  12.8 

Observed  7  41  38.0  1  26  0  2  26    0.3 

Compnted  —  Observed  +7.'0  -O.'l  +12.'5 

Tbe  correction  and  rate  of  tbe  chronometer  were  obtained  from  the  Naval 

Observatory  noon  signals  at  tbe  railroad  depot. 

The  geographical  coSrdinatee  of  my  position  were,  latitude  33°  44'  13"  N., 
longitude  5"  30™  58'.9  W.  WM.  f.  Riggb,  s.  j. 

Crbigbton  Univbrsitt  Obsbkvatorv. 


t  b,  1900.— Tbe  independent  discovery  of  this  comet  by  Borrelly 
and  myself  was  made  on  the  same  morning.  July  23,  and  at  nearly  tbe  same  date 
of  local  time,  the  instant  of  my  discovery  preceding  Borrelly "s  by  a  few  min- 
utes. Although  tbe  difference  in  longitude  between  tbe  two  stations  favors  my 
esteemed  fellow- worker  by  about  five  hoars,  it  is  an  interesting  fact,  that  the 
Harvard  cablegram  announcing  my  discovery  of  tbe  comet,  reached  Kiel  two 
hours  before  Borrelly's  aonouacement  was  recdved.  Tbe  comet  has  been  an  ex- 
ceedingly fine  telescopic  object  in  tbe  lO-incb  refractor.  For  some  time  after  dis- 
covery it  bordered  closely  on  naked  eye  visibility.  Tbe  nucleus  and  coma  were 
easily  visible  with  the  telescope  in  tbe  presence  of  a  full  Moon.  Although  it  is 
now  rapidly  lading,  the  comet  will  from  its  favorable  position  in  tbe  northern 
heavens,  remain  visible  in  large  apertures  for  some  time  to  come-  Soon  after 
discovery  two  faint  branches  or  auxiliary  tails  were  detected,  one  upon  each  side 
of  the  main  tail.  Although  the  principal  tail  has  become  much  fainter,  as  the 
comet  receded  from  the  Sun,  it  has  very  singularly  maintained  its  original  length 
of  about  one  degree. 

In  the  first  note  on  page  396  of  September  number  Or.  Wilson  inadvertently 
places  my  Observatory  at  Rochester.  It  is  where  it  has  been  for  thirteen  years 
past,  at  Geneva,  K.  Y.  On  tbe  other  hand,  tbe  name  of  tbeir  Observatory  Ib 
Smith  Observatory,  and  not  tbe  peculiar  name  given  to  it  by  the  comporitor  at 
tbe  foot  ot  my  note  on  page  400.  williau  b.  brooks. 

SuiTH  Obsbbtatobv,  Geneva,  N.  Y. 
Sept.  10, 1900. 
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Nevr  Form  of  Telescope. — Referring  to  telegcope  decribed  in  Popular 
Aatronoaix.  No,  77  paj^e  370,  allow  me  to  say  that  the  priociple  of  Bnch  a 
telescope  Is  by  no  means  new.  About  the  year  1872-3  I  sent  to  the  Bngtiah 
Mechanic  drawingB  of  a  sotnewhat  similar  inatrument  with  concave-con  vex  lens, 
and  in  1870-1  I  made  a  5-incb  aperture  telescope  on  that  principle  a  planu-conTci 
lens  bavlng  its  aberrations  corrected  by  a  smaller  concave  lens  and  mounted  as  a 
Newtonian  Telescope  for  a  gentteniaa  tlen  going  to  India,  nncle  to  Stanley  E. 
Lane  Poole,  Esq.,  now  I  believe  of  the  Britiah  Museum  Library,  who  informed  me 
that  it  was  a  success,  but  I  heard  nothing  from  the  owner  and  concluded  that  be 
did  not  (.-onsider  it  worth  pursuing.  la  any  instrument  ot  considerable  aperture 
there  certainly  must  be  trouble  and  not  a  tittle  of  it  with  the  oblique  rays:  and 
this  very  important  point  seems  to  have  been  entitcly  overlooked  by  theingmious 
projectors.  Nor  is  this  at  all  an  unusnal  phenomenon-  Any  one  reading  over 
the  ai'connts  published  by  Dr.  Smith,  of  Geneva.  N.  Y.,  some  twenty  years  ago, 
of  Mr.  Ingnlls,  of  LiverfKiol,  England,  Dr.  Wilson,  of  Bdinbnrg,  and  Professor 
Barlow  of  tbeir  various  dialy  tic  inetrnments  and  of  Dr.  Blair,  of  Edinburg  of  his 
third  lens,  would  think  from  what  they  say  of  them  there  was  nothing  to  be  de- 
sired. All  the  said  lenses  are  reported  to  be  even  when  used  under  high  power,  per- 
fectly free  from  aberrations,  either  chromatic  or  spherical,  etc.  and  if  so  what 
became  of  them,  for  although  they  weie,  some  of  them,  of  eight  ornine-incb  apcr- 
tan;  we  never  hear  of  them  a^ain. 

Mr.  Wray,  a  celebrated  English  maker  pursued  the  matter  most  perseveriog- 
ly,  he  constructed  one  of  nearly  20  incheii  aperture,  bat  was  obliged  to  confess,  as 
indeed  any  one  may  see  who  will  go  to  work  and  trace  the  rays  through  ge- 
ometrically, that  nothing  coald  be  done  with  the  oblique  rays,  although  he  went 
to  great  trouble  in  making  special  eyepieces  for  it.  So  that  be  at  length  gave 
it  up.  Many  others  have  tried  with  no  better  success.  Then  the  difficulty  of 
proper  adjustment  would  be  very  great  and  of  keeping  the  various  surfaces,  in 
proper  ajustment,  still  greater,  to  say  nothing  of  the  trouble  and  expense  of 
figuring  and  testing  at  least  6  surfaces.  So  that  one  may  well  ask  where  wonid 
ibesaving  come  in?  It  would  be,  not  a  umplilied  achromatic,  but  rtitbera 
highly  complicated  reflector  and  that  is  really  all  there  ii  to  it. 

CaUDEN,  N.  J.  E.  M.  TYDBMAN. 

Sept.  8,  1900. 

An  IntereBtlns  Phase  of  the  Recent  Solar  Ecllpae.— One  of  the 
most  noticeable  features  of  the  recent  solar  eclipse  was  therapidity  with  which 
the  light  returned  afttr  totality.  At  one  minute  after  totality  the  landscape  was 
quite  as  bright  as  it  was  at  10  minutes  before  totality.  It  would  naturally  be 
supposed  that  the  gradation  from  sunlight  to  darkness  and  from  darkness  to 
sunlight  would  be  the  same  before  and  after  totality.  But  this  did  not  seem  to 
be  the  case.  The  difference  was  so  mark  -d  as  to  preclude  any  theory  of  "iUusion" 
or  ol  ''effect  nl  contrast,"  there  was  no  doubt  in  the  writers  mind  that  it  was  a 
real  appearance.  Other  observers,  when  questioned,  testified  to  the  same  effect. 
Misa  Bacon,  of  tbe  British  Astronomical  Asso.,  observing  in  this  country,  noticed 
the  same  appearance,  and  made  particular  mention  of  it  in  her  report,  remarking 
that  "there  is  at  present  no  theory  that  will  account  for  this  phenomenon,  which 
is  not  at  all  what  might  be  expected.  This  point  alone  will  afibrd  food  for 
speculation  and  research."  Tbe  text-books  do  not  mention  tbe  pbeDomeaon, 
nor  is  there  any  explanation  of  it  in  tbe  recent  aatranomical  journals. 
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.  With  a  view  of  bringing  tbisquMtion  up  torsolutiOD  or  discataion  the  writer 
withes  to  advance  the  foltowinj!  theory  of  the  pbenomenon  and  belteres  that  it 
is  doe  to  the  inclitiatioii  of  the  Moon's  shadow  to  the  Earth's  sarface.  The  ac- 
companyiDg  diagrttm  will  illnstrate  the  theory. 

-~'     ~  Id  the  diagram  5  ■■  the  eclipsed  Sua, 

A,  B  and  C  the  obMrver's  position  at 
forenoon,  nooa  and  afternoon  mpect- 
tTely,  the  lines  drawn  from  S  to  A,  B 
and  C  are  the  Moon's  shadow,  the  dot- 
ted lines  indicate  the  borizootal  view 
and  Z  the  zenith  at  the  -varions  posi- 
tions, the  arrow  indicates  the  direction 
of  the  Moan's  shadow  over  the  caTth's 

When  the  observer  is  at  A,  where  tile  totality  occurs  at  abont  9  o'clock  in  the 
morning,  the  Son  will  be  in  tbe  east  abont  half  way  to  the  lenith  and  the  Moon's 
shadow  will  stretch  across  the  zenith  to  tbe  west,  thus  covering  about  three- 
fourths  of  the  observers  sky,  leaving  only  one-fonrth  of  the  sky  in  the  santigbt. 
As  tbe  shadow  approaches,  the  light  will  fade  rapidly  before  totality.  Wlwn  the 
shadow  has  passed  the  observer's  position,  and  he  is  in  a  position  corresponding 
to  A',  and  tbe  Son  begins  to  be  oncovered,  it  will  be  sees  that  threc-tonrths  of  tbe 
aky  will  be  in  tbe  sonlight,  and  only  one-fonrth  in  tbe  shadow.  This  will  canse 
the  light  to  increase  rapidly,  which  correapoods  to  tbe  observationsabovestuted. 

When  tbe  observer  '\*  at  B  tbe  Moon's  shadow  will  be  in  tbe  lenitb  and  the 
illnminated  sky  will  be  the  same  at  a  given  time  before  and  after  totality. 
Therefore  the  light  should  fade  and  return  in  abont  tbe  same  way  before  and 
after  totality. 

When  the  observer  is  at  C,  when  the  totality  it  at  3  o'clock  in  the  afternoon, 
tbe  effect  should  be  opposite  to  that  of  tbe  observer  at  A,  and  the  light  be  greater 
before  than  atter  totality.  The  Snn  will  then  be  in  the  west  abont  half  way  to 
tbe  zenith;  but  the  moon's  shadow  will  cover  only  abont  one-fourth  of  the 
observer's  sky,  leaving  three-fourths  in  the  sonlight.  This  will  cause  the  light  to 
fade  slowly  before  totality.  After  the  shadow  has  passed,  and  the  osberver  is  in 
a  position  corresponding  to  C,  tbree-foortbs  of  the  sky  will  be  covered  by  tbe 
shadow  leaving  only  one  fourth  of  the  sky  in  the  sunlight.  This  will  cause  the 
light  to  return  slowly. 

At  all  statiouB  between  A  and  B,  the  effect  should  be  tbe  same  as  at  A,  b  :it  in 
a  less  marked  degree,  and  in  tbe  same  way  at  all  stations  between  B  and  C,  the 
effect  should  be  the  same  as  at  C,  though  in  a  less  marked  degree.  The  nearer  tbe 
observer  is  to  noon  at  totality  the  less  will  be  the  gradation  of  light  and  shadow 
before  and  after.  The  farther  the  observer  is  from  noon  at  totality  the  greater 
will  be  the  contrast  before  and  after  totality. 

It  may  be  remarked,  in  conctnsion,  that  in  the  case  of  tbe  recent  eclipse  no 
observations  were  made  at  the  noon  period — that  occurring  in  the  Atlantic  Ocean 
bnt  there  were  numerons  observers  in  tbe  afternoon,  tbongb  not  many  in  the  late 
afternoon,  where  tbe  contrast  would  be  great  enough  to  attract  attention.  It 
would  be  well  for  future  observers  of  total  eclipses  to  pay  some  attention  to  this 
feature,  so  that  more  light  may  be  thrown  npon  this  interesting  questioii. 

Bbooklvn,  N,  Y. 

September  10,  ISOO.  i.j.  B. 
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ON  LABOKATORY  METHODS  IN  TEACHING  ASTRONOMY.* 

I  remember  reading  once  a  strangely  attractive  monograph  on 
"The  Hindu  Zodiac,  or  the  Discovery  of  the  Lost  Key,"  by  N. 
Chidambanira  Iyer,  F.  T.  S.,  in  which  he  quotes  Bhagavan 
Garga  as  authority  for  the  statement  that  "  as  the  night  is  viith- 
out  a  lamp,  and  the  sky  without  the  Sun,  so  is  a  prince  without 
an  astronomer,  and  -he  gropes  his  way  in  the  dark.  That  service 
which  an  astronomer  can  render  to  a  prince  can  not  be  effected 
bj-  a  thousand  elephants  and  by  five  thousand  horses!" 

I  strongly  suspect  that  President  Hazard,  in  her  historic  re- 
searches, must  already  have  met  this  same  quaint  estimate  of  an 
astronomer's  worth ;  for  something  like  a  twelvemonth  ago  she 
gave  utterance,  from  this  platform,  to  a  significant  sentiment,— 7 
"There  have  always  been  women,  from  the  days  of  the  Queen  of 
Sheba,  who  sought  out  wisdom  and  endured  arduous  toil  to 
come  to  a  fountain  head  of  knowledge."  And  surely,  if  the 
knowledge  possessed  by  astronomers  can  be  worth  so  much  to 
Hindu  princes,  a  fortiori  how  can  the  president  of  an  American 
woman's  college  afford  to  do  without  one  ?  Furthermore,  a  fine 
Observatory  is  no  less  a  fitting  corollary  of,  than  a  sturdj'  neces- 
sity for,  an  able  astronomer. 

But  my  purpose  is  other  in  turning  j'our  thoughts  thus  back- 
ward to  the  very  beginnings  of  astronomy,  even  to  the  days  of 
its  parentage  in  astrologj-,  which  taught— and  in  some  not  verv- 
distant  cities  still  affects  to  teach — the  divination  of  the  future 
bj'  configurations  of  the  heavenly  bodies.  So  deeply  rooted  was 
this  belief  among  the  early  peoples,  that  kings  and  potentates 
were  themselves  the  Astronomers  Royal  of  those  days,  each  de- 
voting himself  keenly  to  the  quest  of  new  knowledge  concerning 
the  motions  of  the  planets,  in  the  vain  hope  of  truthful  prediction 
of  events  that  might  betaken  the  elevation  of  his  sword  or  the 
downfall  of  his  realm. 

Virtually  everj-body  believed  in  astrology ;  but  mankind  long 

•  An  address  at  the  inauguration  of  the  Whitin  Observatory  of  Wellesley 

College,  Massachusetts,  by  Professor  David  P.  Todd,  Director  of  tlie  Observatory 
of  Amhurst  College. 
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siiice  discovered  that  nothing  of  the  sort  obtains.  Still,  the  old 
beliefs  die  hard:  humanity  hesitates  to  admit  that  it  has  been 
duped.  But  in  this  fact,  that  the  astronomy  of  our  oivn  era  can- 
not live  up  to  the  pretensions  of  the  past,  I  see  the  chief  cause 
for  that  prevailing  lack  of  interest  in  the  bodies  of  the  sky, 
which  is  responsible  for  an  ignorance  of  astronomy  at  the  pres- 
ent day,  dense  and  well-nigh  universal,  so  far  as  the  masses  of 
humanity  are  concerned. 

I  do  not  say  that  no  one  takes  an  interest  in  quizzing  the  tele- 
scope man  on  the  Common,  and  peering  eagerly  through  his 
"  optick  tube,"  if  haply  he  may  discover  the  "  man  in  the  moon ;" 
as  Piazzi  Smyth  tells  us  the  inhabitants  of  Teneriffe,  on  looking 
through  his  telescope,  thought  they  could  see  their  favorite  goats 
grazing  on  the  craggy  surface  of  our  satellite. 

Nowadays  the  question  most  often  asked  the  astronomer  in 
ordinary  life — "Are  there  an3'  inhabitants  in  the  heavenly 
bodies?"  is  one  that  seemingly  attracts  him  least,  and  is  in  fact 
remote  from  the  range  of  his  usual  enquiry.  And  this  single 
question  betrays  the  main  trend  of  unthinking  interest  of  the 
people  in  astronomy  to-day. 

If  the  astrology  of  an  ancient  era  fooled  the  human  race,  and 
the  astronomy  of  the  present  has  no  answer  for  this  oft  reiter- 
ated questioning,  how  can  we  hope  to  create  that  wide  and 
healthful  popular  interest  in  the  science  on  which  its  fiiture  de- 
velopment so  largely  depends  ? 

Clearly,  as  it  seems  to  me,  by  a  different  method  of  teaching  it. 

I  will  not  stop  to  criticise  the  earlier  book-methods :  the  main 
criticism  is  apparent,  if  I  but  state  the  fact  that  no  instructor 
now  teaches  geology  or  chemistry  or  physics  or  biology  as 
formerly  by  books  alone :  the  laboratorj'  is  an  indispensable  pre- 
requisite for  instruction  in  all  these  sciences. 

Why  not  teach  astronomy  in  like  fashion  ? 

Says  Professor  Huxley  in  his  Outlines  of  Physiography,  "The 
attempt  to  convey  scientific  conceptions  without  the  appeal  to 
obser\-ation,  which  can  alone  give  such  conceptions  firmness  and 
reality,  appears  to  me  to  be  in  direct  antagonism  to  the  fiinda- 
mental  principles  of  scientific  education."  Singularly  enough, 
these  self-evident  principles  have  long  been  neglected  in  the  ele- 
mentary teaching  of  astronomy,  which  is  pre-eminently  a  science 
of  observation,  and  should  be  taught  as  such.  Charts  of  the  sky 
and  planispheres  have  been  used  in  tracing  constellations  and 
studying  the  geography  of  the  heavens,  and  in  a  few  colleges  ex- 
pensive instruments  have  been  employed  by  a  small  body  of 
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students  in  that  training  requisite  for  the  professional  astrono- 
mer. 

But  we  must  do  much  more  than  this :  it  is  necessary  to  direct 
the  attention  of  elementary  students  to  observation  of  the 
heavens  in  that  fundamental  and  practical  way  which  imparts  a 
complete  mastery  of  first  principles. 

In  adopting  laboratoiy  methods  of  teaching  astronomy,  the 
degree  of  attention  to  manual  training  now  given  in  the  schools 
is  a  vast  assistance ;  for  instructors  and  pupils  of  moderate  me- 
chanical deftness  can  themselves  make  and  use  nearly  all  the  ap- 
paratus, requisite  for  illustrating  these  principles,  and  making 
obsen-ations  similar  to  those  that  led  to  their  discovery.  Only 
the  things  commonly  found  in  everj-  house  are  needed :  apparatus 
is  constructed  with  a  little  ingenuity,  not  exact  in  result,  to  be 
sure,  but  accurate  in  principle — which  imparts  the  main  lesson. 
And  rightness  of  principle  ought  everywhere  to  take  precedence 
of  display  of  mere  precision  in  result,  this  latter  being  chiefly  the 
concern  of  the  professional  astronomer  in  perfecting  his  science. 

Will  it  not  enlist  the  student's  interest  if  we  can  show  him 
how,  with  a  plumb-line,  a  paste-board  box  and  a  paper  quad- 
rant, he  can  determine  for  himself  the  obliquity  of  the  ecliptic 
within  a  fraction  of  a  degree  ? 

And  abundantly  equipped  with  yardstick,  pin-hole  and  "  rule  of 
three,"  the  young  pupil  may  measure  for  himself  the  Sun's  diame- 
ter, arriving  nearer  the  truth  than  was  knowri  in  Herschel's 
time.  Youthful  students  must  be  taught  to  connect  the  princi- 
ples of  astronomy  with  tangible  material  objects,  somewhat  as 
in  physics  and  chemistn,'.  And  although  we  cannot  journey  to 
the  heavenly  bodies  nor  touch  them,  it  is  clear  that  a  laboratorT,' 
course  in  astronomy  is  practicable,  for  their  light  comes  to  us  in 
decipherable  messages,  and  geometric  truth  provides  the  interpre- 
tation. 

So  is  it  possible  to  impart  a  competent  knowledge  of  astro- 
nomical principles,  and  keen  interest  in  their  significance,  with  all 
that  zest  characteristic  of  the  geologist,  who  sometimes  affects 
to  know  the  whole  earth — in  much  the  same  way,  however,  as  an 
insect  that  has  bored  half  way  through  the  shell  may  be  said  to 
know  the  whole  nut.  Or  of  the  physicist  and  chemist  who,  with 
all  the  narrow  restrictions  of  a  terrestrial  laboratory,  are  still 
far  from  able  to  tell  us  all  we  should  like  to  know  about  the  be- 
havior of  matter  on  an  asteroid,  or  on  the  Sun,  where  enforced 
conditions  of  temperature  and  pressure  are  widely  remote  from 
those  of  our  experience  here.    Or  again  of  the  biologist,  who  has 
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hardly  yet  begun  to  ponder  a  primal  question  of  the  cosmic 
biology  of  the  future:  granted  the  presence  of  protoplasm  and 
the  chemical  elements  on  Mars,  as  on  the  earth,  would  the  pro- 
cess of  evolution  necessarily  develop  the  same  types  of  animal 
life  on  that  planet  as  here  ? 

The  truly  great  astronomer  of  a  coming  century  must  be  able 
to  reach  a  satisfactorj'  solution  of  such  riddles ;  but  to  do  so  he 
must  be  equally  trained  in  biology-,  in  physics  and  in  chemistrj- — 
quite  the  opposite  direction  from  that  in  which  present  schools 
are  faced.  Only  thus  can  we  realize  that  ultimate  ideal  of  our 
science  which  was  implied  by  the  most  eminent  of  poet-mathema- 
ticians, Sir  William  Rowan  Hamilton,  who  speaks  of  astronomy 
as  enabling  us  to  "  learn  the  language  and  interpret  the  oracles 
of  the  universe." 

Then,  too,  we  must  unceasingly  combat  the  widespread  notion 
that  of  all  the  sciences  astronomy  is  the  most  useless.  In  realit>' 
it  is  among  the  most  useful ;  and  has  always,  even  in  the  earliest 
days  of  the  history  of  the  race,  been  cultivated  mainly  for  its 
utility.  Consider  the  question  of  chronology* :  many  are  the  dis- 
putes over  the  dates  of  ancient  events  that  have  been  settled  for- 
ever by  an  appeal  to  astronomy.  Also  the  important  matter  of 
accurate  time :  the  work  of  the  astronomers  at  Washington 
affords  direct  and  immediate  assistance  to  hundreds  of  thous- 
ands ever>-  day  throughout  the  country,  who  have  engagements 
to  meet  and  trains  to  dispatch.  One  standard  clock,  when 
coupled  with  the  telegraph,  can  effect  all  this  sen-ice;  but  an 
astronomer  must  regulate  the  clock  by  frequentW  comparing  it 
with  the  Sun  and  stars.  Costly  instruments  are,  of  course, 
needed  for  this  w^ork ;  but  the  cardinal  principles  underlying  them 
are  quite  within  easy  understanding  of  young  pupils,  who 
should  be  taught  first  of  all  how  to  find  true  north  from  the 
stars,  and  then  how  to  construct  and  use  a  home-made  transit 
which  will  give  the  time,  accurate  to  a  few  seconds  at  noon 
throughout  the  year.  By  such  methods  of  teaching  astronomy, 
the  Sun  bj'  day  and  the  stars  by  night  become  part  of  the  appa- 
ratus of  a  grand  laboratory,  the  use  of  and  familiarity  with 
which  enhance  the  pupil's  interest  with  each  fresh  obseni-ation  of 
his  own. 

In  the  presence  of  an  audience  like  this,  I  do  not  of  course  need 
to  emphasize  the  eminent  utility  of  astronomy  in  ascertaning  the 
exact  boundaries  of  estates  and  countries :  without  an  astrono- 
mer's help,  no  nation  can  make  accurate  maps  of  its  domain,  or 
trustworthy  charts  of  coast-lines.    Nor  need  I  speak  of  the  vast 
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benefits  to  all  navigation  interests,  which  obtain  frojn  the  appli- 
cation of  astronomical  principles  in  very  simple  fashion,  for  con- 
ducting ships  safely  from  port  to  port.  Without  their  astronom- 
ical instruments  and  tables,  the  good  captains  who  brought  us 
the  letters  of  greeting  from  Lady  Margaret  Huggins  and  Madem- 
oiselle Klumpke,  would  not  have  thought  of  undertaking  their 
Atlantic  voyages.  And  in  such  measure  as  the  master  of  a  vessel 
employs  the  methods  of  astronomy  in  guiding  his  ship  across  the 
ocean,  by  precisely  that  measure  is  he  an  astronomer ;  because  he 
is  an  observer  of  the  heavenly  bodies,  and  calculates  the  observa- 
tions to  find  his  precise  location  just  as  an  astronomer  would  on 
land,  though  he  usually  does  this  without  thinking  how  many 
generations  of  past  astronomers  have  by  their  observations  and 
mathematical  discussions  contributed  to  the  perfection  of  the 
tables  he  has  used  by  simple  "rule  of  thumb," 

What  better  training  for  the  keen  eye  and  the  steady  hand 
than  this  same  astronomy  of  navigation  ?  Simple  and  inexpen- 
sive, too,  the  instruments ;  and  large  classes  are  within  easy  di- 
rection of  a  single  instructor.  And  as  the  pupil  advances,  he 
may  gradually  be  inducted  to  practical  work  with  actual  astro- 
nomical instruments,  though  of  small  size ;  with  real  telescopes 
mounted  and  manipulated  in  exactly  the  same  manner  as  the 
large  ones  in  a  fixed  observatory. 

But  I  must  not  pursue  these  details  farther:  I  have  sought 
only  to  suggest  the  lines  along  which  a  revolution  in  astronomi- 
cal teaching  may  be  brought  about.  And  in  so  far  as  the  genuine 
interest  of  able  teachers  can  be  enlisted,  the  adoption  of  labora- 
tory methods  may  be  relied  upon  to  create  in  their  pupils  a  new 
interest  in  the  things  of  the  sky,  both  real  and  abiding. 

As  America  was  the  first  to  introduce  laboratory  methods  of 
instruction  in  natural  philosophy,  so  too  she  is  the  first  to  set 
forth  the  possibilities  of  teaching  astronomy  by  continual  refer- 
ence to  and  immediate  connection  with  the  laboratory  of  the 
heavens.  But  whether  this  much  desired  change  in  astronomical 
instruction  can  be  effected  in  a  quarter  centurj',  is,  I  think,  very 
doubtfiil ;  for  the  body  of  astronomical  teachers  is,  in  the  main, 
a  very  conser\-ative  one;  and  a  consen-ative,  as  you  know,  was 
best  depicted  by  Douglas  Jerrold,  as  "one  who  would  never  look 
at  the  new  moon — and  all  out  of  respect  and  veneration  for  that 
ancient  institution  the  old  one." 

On  an  occasion  like  this  I  cannot,  of  course,  omit  remarking 
the  golden  opportunity  that  lies  within  easy  grasp  of  the  well- 
trained  woman,  as  a  teacher  of  the  elements  of  astronomy   by 
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this  new  method ;  and  I  venture  to  predict  for  her  that  fall  meas- 
ure of  success  in  the  restoration  of  astronomy  to  its  ancient  seat 
in  human  interest,  which  attended  the  diligent  labors  of  Caroline 
Herschel  as  chief  assistant  and  companion  of  her  brother  in  his 
nocturnal  watchings,  and  of  Mary  Somerville  in  her  essay  to 
popularize  the  equations  of  the  Mecanique  Celeste. 

In  particular  must  the  very  young  pupil  be  sought  out  and  in- 
structed to  look  heavenward.  Such  teaching  cannot,  indeed,  be- 
gin too  early ;  for  close  upon  our  childhood's 

"  Twinkle,  twinkle  little  star," 
follows  an  alertness  of  investigation  that  enables  us  soon  to  say, 

"  Now  I  know  juat  what  you  are ; 
When  I  see  you  in  the  sky, 
1  the  apectroHcope  apply." 

And  upon  this  early  interest  in  astronomy,  all  the  keener  and 
more  lasting  if  connected  as  in  a  laboratory  with  the  natural 
concerns  of  every-day  life,  must  rest  our  chief  dependence  for  the 
fature  of  the  science ;  not  only  for  replenishing  that  small  band  of 
investigators  who  tread  a  steady  advance  beyond  the  border- 
land of  the  known,  but  for  that  patronage  of  the  highlj-  intellec- 
tual who  must  provide  support  for  researches  in  fields,  financially 
non-remunerative,  not  to  say  also  the  costly  instruments  with 
which  new  investigations  must  lie  prosecuted. 

An  American  who  has  made  one  of  the  largest  gifts  to  astron- 
omy once  told  me  why  he  had  made  that  donation :  the  imme- 
diate occasion  seemed  to  be  that  the  president  of  a  youthful  and 
strenuous  university  had  made  a  powerfiil  appeal.  But  the 
prime  reason  was  that  this  munificent  patron  had  in  early  life, 
when  studj'ing  astronomy  at  school,  become  so  engrossed  therein 
that  he  had  resolved  to  build  some  day  the  most  powerfal  tele- 
scope in  the  world,  if  ever  he  had  money  enough  to  do  so.  The 
president  well  knew  that  he  had  money  enough ;  but  who  will 
say  that  his  appeal  would  hfive  been  successful,  except  for  that 
unforgotten  resolve  of  an  enthusiastic  boy  ? 

And  from  the  singularh'  appropriate  edifice  that  we  dedicate 
to-daj-,  most  useful  as  a  complement,  and  most  graceful  as  an 
ornament,  shall  go  forth  the  apostles  of  this  new  learning — 
neither  neglecting  the  old  astronomy,  nor  placing  undue  stress 
upon  the  new;  and  as  they  nightly  pass  beneath  its  sculptured 
lintel,  ever  remembering  one  whose  munificence  has  inseparablj- 
knit  her  name  with  that  aristocrat  of  all  the  sciences,  which 
"contemplated  as  one  grand  whole  is  the  most  beautifal  monu- 
ment of  the  human  mind,  the  noblest  record  of  its  intelligence." 
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AN  HYPOTHESIS  REGARDING  THE  SURFACE  MARKINGS 
OF  JUPITER. 

A.  B.  DOUGI^SS. 

No  planet  presents  such  rapid  changes  in  its  surface  markings 
as  the  largest  of  them  all,  Jupiter.  The  great  red  belts  which 
are  visible  in  the  smallest  telescope  are  constantly  changing  in 
minute  detail.  This  is  apparently  because  the  belts  are  on  the 
dividing  line  between  the  temperate  zone  currents  and  a  swifter 
moving  equatorial  stream  of  perhaps  twenty  thousand  miles  in 
width  and  a  velocity  of  two  hundred  and  fifty  miles  an  hour 
greater  than  the  regions  on  each  side  of  it.  The  markings  where 
these  two  currents  adjoin  are  literal!;'  torn  to  shreds  as  Mr. 
Stanley  Williams  describes  them  (Pub.  A.  S.  P.,  Vol.  XI,  No.  70). 
Seemingly  the  only  immovable  object  is  the  great  red  spot  and 
that  is  not  absolutely  stationary,  for  its  period  of  rotation  has 
changed  since  its  first  discovery.  What  then  produces  this  swift 
equatorial  current  that  rends  apart  and  joins  in  new  forms  the 
red  and  gray  patches  along  its  border  ? 

The  polar  compression  of  Jupiter  is  in  the  neighborhood  of 
one-sixteenth ;  that  is  the  polar  regions  are  about  six  per  cent 
nearer  the  center  of  internal  heat  than  the  equator.  Now  owing 
to  the  very  great  reflecting  power  of  Jupiter's  atmosphere  (albedo 
0.62)  and  its  distance  fi-om  the  Sun  (mean  distance  5.2  or 
483,000,000  miles),  it  is  the  internal  heat  that  governs  the  circu. 
■  lation  of  the  atmosphere  rather  than  solar  energj-  and  wc  have 
an  atmospheric  circulation  the  reverse  of  ours. 

Permit  the  digression  in  saying  that  that  appears  to  be  the 
meteorological  distinction  between  a  cloudy  and  a  non-cloudy 
planet.  The  former  controls  its  own  atmospheric  movements, 
producing  a  convectional  current  over  its  hottest  parts;  the 
latter  has  its  atmospheric  movements  controlled  by  the  Sun, 
■tt-ith  upward  currents  near  the  equator.  This  has  a  bearing  on 
the  rate  of  cooling  of  planets. 

Upon  Jupiter,  therefore,  the  ascent  of  air  occurs  at  the  poles. 
The  masses  of  warmed  air  or  gases  then  spread  toward  the 
equator.  But  as  their  hnear  velocity  about  the  axis  of  rotation 
is  not  so  great  as  that  of  the  regions  nearer  the  equator,  they 
act  as  a  retarding  surface  current.  On  this  hypothesis  therefore 
it  is  the  equatorial  current  that  represents  nearly  the  true  rota- 
tion of  the  planet,  and  the  temperate  zone  currents  that  show  us 
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the  retarding  action  of  this  planetary  circulation,  namely  two 
hundred  and  fifty  miles  an  hour. 

Let  us  in  imagination  follow  the  course  taken  by  a  mass  of  air 
or  gas  or  cloud  in  this  retarding  current.  In  mid  northern  lati- 
tudes the  low-level  winds  far  below  the  visible  surface  move 
toward  the  north  pole.  Somewhere  beyond  latitude  60°  or  70°, 
perhaps,  a  mass  gets  sufficiently  warmed  to  rise.  It  does  so. 
Then  it  commences  to  move  southward  toward  the  equator,  but 
immediately  it  turns  toward  the  right  as  its  velocity  in  its  new 
latitudes  is  not  great  enough  for  it  to  keep  pace  with  the  plane- 
tary surface  beneath  it,  therefore  almost  at  once  begins  to  retard 
the  velocity  at  the  apparent  surface.  Its  maximum  turning 
force  occurs  at  the  start.  The  latitude  of  its  maximum  retarda- 
tion depends  upon  the  actual  rate  at  which  it  turns  in  direction. 
Now^,  on  the  earth,  the  trade  winds  are  supposed  to  be  composed 
of  masses  of  air  that  have  actually  turned  about  and  are  on 
their  way  back  to  the  equator.  This  suggests  that  on  Jupiter 
the  return  currents  to  the  pole  are  down  too  deep  in  the  atmos- 
phere for  us  to  see  them  and  that  the  masses  that  do  not  turn 
back  are  the  ones  that  finally  get  near  the  equator.  So  just  as 
we  have  on  the  earth  a  polar  whirl  blowing  in  advance  of  the 
actual  rotational  velocity,  so  on  Jupiter  we  find  an  equatorial,  or 
as  it  happens,  a  sub-tropical  retarding  current,  opposing  the 
rotational  motion. 

If  these  north  and  south  retarding  currents  actually  met  at  the 
equator,  we  would  practically  be  unaware  of  their  existence,  for 
we  would  have  nothing  to  compare  them  with  and  they  would 
hardly  show  sensible  change  in  rate  for  many  degrees  on  each 
side  of  the  equator.  But  we  find  an  equatorial  zone  largely  un- 
aflfected  by  this  retardation,  although  subject  to  rapid  changes  in 
configuration  of  detail.  There  may  be  at  least  two  causes  for 
the  existance  of  this  equatorial  zone  unaffected  by  retardation. 
First,  the  equatorial  retarding  currents  maybe  simply  not  strong 
enough  to  reach  the  equator,  for  they  have  turned  to  an  east- 
and-west  direction  and  have  little  force  left  to  push  on  north  or 
south.  Second,  the  effect  of  heat  received  from  the  Sun,  even 
though  very  w^eak,  would  be  to  expand  the  air  over  the  equator 
and  cause  it  to  spread  north  and  south,  thus  interfering  with 
the  approach  of  the  retarding  currents  to  the  equator,  and  also 
causing  the  slight  seasonal  change  that  has  been  suspected. 

Above  the  actual  visible  surface  that  reflects  solar  light  there 
must  be  considerable  atmosphere  for  the  limb  of  Jupiter  is  verj- 
dark  all  around.    But  as  the  polar  and  equatorial  zones  are  also 
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much  darker  than  the  temperate  regions,  except  in  small  spots, 
we  infer  that  the  gases  freshly  brought  to  the  surface  in  the  re- 
gions of  convection  have  less  reflecting  power  than  those  in  other 
parts  of  the  planet.  The  red  marks  of  all  kinds  act  like  some 
kind  of  cloud  condensation,  light  because  they  float  high  in  the 
atmosphere,  yet  diflfering  from  the  other  visible  materials,  and 
showing  a  strong  tendency  to  accumulate  and  last  longest  in  the 
region  that  upon  the  hypothesis  given  above,  must  be  the  coldest 
part  of  the  planet's  visiljle  surface. 

Perhaps  it  is  presumption  to  suggest  more  definitely  the  nature 
of  the  red  spot.  But  the  spot  can  be  attributed  to  some  special 
uprush  of  the  same  gas  that  forms  the  red  belts,  but  to  an  up- 
rush  which  occurred  within  the  colder  borders  of  the  retarding 
current.  A  strong  condensation  ensued  in  the  upper  levels  of  the 
retarding  current,  followed  by  a  gradual  dissolving  or  falling 
downward  of  the  red  material.  As  the  under  side  of  the  red 
mass  is  nearer  the  warm  surface  of  the  planet  than  the  upper 
side,  the  most  rapid  breaking  up  of  the  mass  would,  we  can  infer, 
occur  on  the  under  side.  We  can  therefore  conclude  that  with 
the  breaking  up  of  the  red  spot  and  its  becoming  more  and  more 
confined  to  the  upper  levels  only,  of  the  retarding  current,  we  are 
getting  more  and  more  accurate  measures  of  the  surface  velocity 
of  the  retarding  current.  As  the  rotational  velocity  of  the  red 
spot  has  been  decreasing  since  1878,  we  conclude  that  the  surface 
of  the  retarding  current  is  mo^'ing  more  rapidly  than  the  lower 
levels ;  and  that  is  precisely  the  effect  that  friction  produces. 

At  the  present  time,  therefore,  the  red  spot  appears  to  be  float- 
ing quietly  in  the  retarding  current,  possibly  held  in  place  by  an 
eddy,  very  slowly  breaking  up,  perhaps  already  partly  covered 
by  other  cloudy  material  and  yet  still  dense  and  strong  enough 
to  preser^-e  its  form  and  size. , 

Lowell  Observatory,  Flagstaff,  Arizona,  Oct.  16,  1900. 


Note— At  the  Geodetic  Congress  which  met  at  Paris  at  the  end  of  last  month. 
Sir  David  Gill,  director  of  the  Cape  Town  Observatory,  reported  the  progress 
made  in  measuring  an  arc  of  meridian  of  10*  degrees  from  the  Cape  to  Alexan- 
dria. Thev  were  passing  by  permission  through  German  East  Africa.  Five  de- 
grees had  feen  already  measured  in  Rhodesia  and  three  and  a  half  in  Natal,  The 
measurement  by  international  co-operation  of  an  arc  from  French  Congo  to  Ger- 
man East  Africa  was  considerrd.  A  report  was  also  made  to  the  effect  that  the 
measurement  of  the  geodetic  line  between  Malta  and  Sicily  had  been  successfully 
carried  out  under  the  superintendence  of  Dr.  Guarducci,  the  chief  of  the  geodetic 
division  of  the  Italian  Geographical  Institute.  The  Malta  station  was  at  Goio, 
and  the  chief  SiciUan  stations  were  on  the  mountains  of  Etna  and  Camniarata- 
The  distance  between  Malta  and  Sicily  is  about  123  miles,  and  signals  were  ex- 
changed at  this  distance  by  means  of  the  oxyacetylene  search-light. — Science, 
October  19,  1900. 
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JAMES  EDWARD  KEELER. 

BYJ.A.  BHASHEAR. 

"God  did  anoint  thee  with  odorous  oil, 
To  wrestle,  not  to  reign,  and  He  assigns 
All  thy  tears  over  like  pure  crystallines 
For  younger  fellow-workers  of  the  soil 
To  wear  for  amulets.  So  others  shall 
Take  patience,  labor,  to  their  heart  and  hand 
From  thy  hand,  thy  heart  and  thy  brave  cheer." 

— Elizabeth  Barrett  Browning. 
A  great  soul  has  gone  from  us,  "  our  "  dear  Keeler  has  finished 
his  work  among  the  stars.  There  is  universal  sorrow  at  his  tak- 
ing away;  his  colleagues  on  the  mountain,  his  fiiends  everj-- 
where,  say,  how  can  it  be  that  so  great  and  promising  a  life  has 
been  blotted  out  and  we  left  to  mourn  his  loss.  A  colleague 
upon  the  mountain  writes:  "We  are  inexpressibly  sad,  are  in- 
consolable, every  one  of  the  fifty  people  regarded  Mr.  Keeler  as 
his  personal  friend !  You  most  assuredly  can  say  that  he  was 
liked  by  all  his  associates.  There  was  never  any  unpleasantness 
in  those  two  years.  He  made  a  great  success  of  his  own  work, 
and  saw  that  every  body  else  had  all  the  opportunities  in  the 
world  to  do  the  same.  He  never  questioned  or  interfered  with 
our  plans,  with  the  result  that  we  all  kept  him  posted  as  to  the 
state  of  our  work.  Socially,  he  and  his  family  were  simply  de- 
lightful. You  may  say  that  he  established  ideal  conditions  in 
this  ideal  place." 

One  who  knew  him  only  to  love  him  writes:  "My  heart  is 
"heavy  for  Keeler,  our  dear  friend  Keeler,  the  bright,  lovable, 
genial  Keeler,  who  died  last  night.  All  day  I  have  been  like  one 
in  a  dream;  Keeler,  our  Keeler,  gone."  A  colleague  at  the  Uni- 
versity writes;  "All  the  professors  at  the  University  have 
words  of  kindness  for  him,  and  the  deepest  sympathy  for  Mrs. 
Keeler  and  the  dear  children."  Another  life-long  friend  writes: 
"  Yes,  our  Keeler  has  passed  away,  well  may  you  and  I  and  Pro- 
fessor Brown  call  him  our  Keeler,  and  all  who  knew  him  could 
call  him  the  same  for  all  his  energies  and  all  his  marvellous  fund 
of  information  was  ever  at  the  disposal  of  his  friends.  I  have 
never  met  a  man  in  all  my  Hfe  who  was  more  willing  and  anxious 
to  assist  others  in  ever;-  -way  than  he,  and  how  my  heart  goes 
out  for  his  dear  companion  and  the  children." 

Were  I  to  write  only  of  the  kindly  words  that  I  have  received 
in  letters  from  friends  who  have  known  this  great  man,  it  would 


.y  Google 


POPUI-AS   ASTROHOMT  Ko.   79. 


Jambs  Edward  Keeler. 
1857-1900. 


.y  Google 


„  Google 


/.  A.  Brashear.  477 


fill  manj  pages  of  this  journal.  Never  have  I  known  such  spon- 
taneous expressions  of  sorrow  over  the  death  of  a  humble  stu- 
dent of  science,  for  he  was  without  the  least  taint  of  egotism  to 
mar  his  splendid  record. 

I  have  known  Professor  Keeler  for  more  than  twenty  years, 
our  first  acquaintance  dating  from  the  time  he  came  to  the  Alle- 
gheny Observatory  to  assist  Professor  Langley  in  his  Mount 
Whitney  expedition.  Professor  Langley  at  once  recognized  his 
ability,  not  only  with  reference  to  his  scientific  attainments,  but 
for  his  knowledge  of  experimental  methods  and  his  mechanical 
skill.  I  can  remember  as  it  were  only  yesterday,  how  I  admired 
his  beautiful  tool  box,  made  by  his  own  hands,  and  the  fine  tools 
he  brought  with  him  from  college.  Professor  Langley  at  once 
placed  unlimited  confidence  in  him,  and  many  of  the  more  im- 
portant arrangements  of  the  expedition  were  placed  in  his  hands. 
It  was  during  the  preparation  for  the  Mount  Whitney  expedition 
that  he  visited  our  workshop  so  frequently,  and  here  was  formed 
a  friendship  that  has  never  been  sullied  by  an  unkind  word  or 
-caustic  criticism ;  a  fellowship  that  has  been  prolific  with  pleas- 
ureable  memories — memories  that  make  life  worth  living. 

I  can  well  remember  a  remark  made  by  Professor  Langley  after 
the  Mount  Whitney  expedition.  I  was  always  a  welcome  guest 
at  the  Observatory  and  it  was  meat  and  drink  to  me  to  hear  of 
the  work  done  by  the  Director  and  his  corps  oi  assistants. 
Speaking  of  Keeler  he  said :  "  I  have  never  known  a  young  man 
so  thoroughly  competent  as  an  assistant  in  scientific  research, 
some  day  he  will  make  himself  known," 

WilHam  Thaw,  that  great  and  good  friend  of  science,  who  did 
so  much  to  enable  Professor  Langley  to  carry  on  his  researches, 
saw  in  Mr.  Keeler  a  "world  of  promise,"  and  he,  with  Professor 
Langley  advised  him  to  study  a  year  or  so  abroad.  In  1883 
while  studying  with  Helmholtz,  he  made  a  thorough  study  of  the 
selective  absorption  of  radiant  heat  by  carbon  dioxide,  which 
was  published  in  the  American  Journal  for  September  1884. 
This  research  at  once  showed  his  ability  as  an  original  investi- 
gator. Although  he  had  been  working  in  the  same  scientific  lines 
with  Professor  Langley,  as  well  as  in  other  fields  of  research,  as 
an  assistant,  this  paper  was  recognized  at  once  as  having  an  im- 
portant bearing  upon  a  subject  at  that  time  of  great  interest  to 
■  the  scientific  world. 

Returning  to  Allegheny  Mr.  Keeler  assisted  Professor  Langley 
in  his  now  historic  studies  of  the  infra  red  end  ol  the  solar  spec- 
trum and  the  selective  absorption  of  solar  energj-. 
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In  one  of  his  papers  upon  this  subject  Professor  Langley  says : 
"I  have  received  constant  and  valuable  aid  from  Mr.  Keeler,  not 
only  in  the  graphical  constructions  but  in  the  experiments  and  in 
the  computations,  through  all  the  details  of  which  his  aid  has 
been  more  that  of  a  coadjutor  than  an  assistant,"  The  astro- 
nomical world  knows  the  results  of  the  splendid  work  done  by 
Professor  Langley  with  the  assistance  of  Mr,  Keeler  and  Mr. 
Very  in  the  early  eighties,  a  work  that  brought  rays  of  bright 
sunlight  to  shine  upon  the  New^  Astronomy.  During  these  years 
of  hard  work  at  the  Observatory,  Mr.  Keeler  made  many  friends 
for  he  was  socially  a  man  who  was  ahvays  welcome  at  the  fire- 
side of  any  household.  He  could  draw  from  his  storehouse  of 
scientific  knowledge,  \veave  the  facts  into  fairy  stories  we  all 
loved  to  listen  to.  It  w^as  a  sad  day  lA'hen  he  left  us  for  Mount 
Hamilton. 

Professor  Holden  had  asked  Mr.  Keeler  to  accept  a  position 
upon  the  Lick  Observatory  staff,  which  he  accepted.  He  com- 
menced his  work  in  April,  1886  as  assistant  to  the  Lick  Trustees, 
which  position  he  held  for  about  two  years.  His  first  task  was 
to  establish  the  time  service,  which  he  did  most  successfully,  and 
and  on  the  first  of  January  1887  the  first  time  signals  were  sent 
out  from  Mount  Hamilton.  During  the  latter  part  of  this  period 
he  devoted  much  of  his  time  to  installing  the  instruments  of  the 
Observatory.  A  very  dear  friend  who  spent  many  months  with 
him  on  the  mountain  erecting  the  great  refractor,  has  often  re- 
peated the  story  of  his  stay  there,  in  which  a  friendship  of  the 
most  endearing  nature  was  formed  for  the  man  whose  genius  and 
whose  kindly  nature  were  such  potent  factors  in  the  completion 
of  the  great  Mountain  Observatory, 

From  June  1st,  1888  to  June  1st,  1891  he  held  the  position  of 
astronomer  in  the  Observatory.  During  this  time  he  made  his 
splendid  drawings  of  the  major  planets,  by  the  aid  of  the  great 
refractor,  and  successfully  carried  out  the  eclipse  expedition  of 
January  1st,  1889,  of  which  he  was  placed  in  charge.  It  was 
during  this  peroiod  that  a  life  long  friendship  was  formed  be- 
tween those  splendid  men:  Captain  Floyd,  Bumham,  Barnard, 
Keeler,  Schaeberle  and  Hill.  The  world  knows  of  their  successes 
in  the  field  of  astronomical  research.  .The  ranks  are  broken  now 
for  the  second  time.  Among  his  earlier  friends  whom  he  esteemed 
most  highly  were  Mr.  Chas,  Rockwell  and  Dr.  Chas.  Hastings. 

"  Great  souls  by  instinct  to  each  other  turn 
Demand  alliance  and  in  friendship  bum.'' 
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The  plans  were  now  made  for  the  first  great  spectroscope  to  be 
constructed  for  a  study  of  the  motion  of  nebula  in  the  line  of 
sight,  and  w^hich  was  completed  about  a  year  later. 

His  first  measures  of  the  nebulte  with  this  instrument  (as  kindly 
given  me  bj-  Professor  Campbell)  are: 

Orion  Nebula",  February  13th,  1890. 
G.  C,  June  13th,  1890. 

This  work  alone  was  of  a  character  that  at  once  stamped  Mr. 
Keeler  as  an  investigator  of  the  highest  type,  and  his  subsequent 
researches  in  this  prolific  field  have  borne  out  the  most  sanguine 
anticipations  engendered  by  his  early  studies  of  the  motion  of 
the  nebulae. 

In  1890  Professor  Langley  was  called  to  the  Smithsonian  In- 
stitution and  the  following  spring  Professor  Keeler  was  unanim- 
ously elected  to  the  Directorship  of  the  Allegheny  Observatory, 
Shortly  after  accepting  the  position  he  was  married  to  Miss  Cora 
Matthews,  a  niece  of  Captain  Floyd,  President  of  the  Lick  Trus- 
tees. Professor  and  Mrs.  Keeler  received  a  most  hearty  welcome 
from  the  friends  of  the  Allegheny  Observatory,  and  he  at  once 
conmienced  his  work  at  the  Obseiratory,  which  at  that  time  was 
unfortunately  quite  poorly  equipped  for  the  continuation  of  the 
research  he  had  been  carrying  on  at  Lick  Observatorj'.  William 
Thaw,  the  friend  and  patron  of  the  Observatorj-  had  gone  from 
among  us,  but  Mrs.  Thaw  at  once  proposed  to  furnish  the  means 
for  the  construction  of  a  spectroscope  and  spectrograph  of  his 
o^i-n  design,  \\'hich,  when  completed  placed  Mr.  Keeler  in  the 
possession  of  an  instrument  particularly  adapted  to  his  w^ants, 
and  which  proved  to  be  a  type  thoroughly  satisfactory  in  every  ■ 
way.  Mr.  William  Thaw,  Jr.,  contributed  a  fund  to  rejuvenate 
the  mounting  of  the  old  13-inch  equatorial  and  fiimish  a  new 
driving  clock,  and  the  Junta  Club  of  Pittsburg  furnished  the 
money  to  replace  the  old  shutter  of  the  dome,  and  with  these  im- 
provements and  additions  Mr.  Keeler  commenced  a  series  of  in- 
vestigations, which  have  been  almost  epoch  making  in  the 
history  of  astrophysics. 

Perhaps  his  spectroscopic  study  of  the  rings  of  Saturn  will 
always  be  considered  his  greatest  achievement  at  the  Allegheny 
Observatory,  but  he  was  an  indefatigable  worker,  and  during  his 
directorate  many  researches  were  successfully  carried  out  and 
during  the  seven  years  he  was  with  us,  he  published  forty-eight 
papers  on  his  scientific  investigations,  many  of  them  of  great 
value.  Besides  these  his  series  of  articles  on  the  spectroscope 
have  proven  to  be  of  inestimable  value  to  j'oung  men  taking  up 


.y  Google 


480  James  Edward  Keeler. 

this  field  as  their  chosen  persuit,  as  well,  indeed,  to  many  of  the 
older  observers  in  astronomical  spectroscopy. 

The  limitations  of  this  article  prevent  my  giving  even  a  synop- 
sis of  his  more  important  papers,  but  readers  of  astronomical 
and  astrophysical  literature  during  the  past  ten  years  well  know 
how  this  literature  has  been  enriched  by  articles  from  his  master 
mind. 

It  has  been  thought  that  our  dear  friend  may  have  been  broken 
do\vii  by  over  work.  This  I  cannot  think  is  true  for  although  he 
was  a  most  earnest  and  enthusiastic  investigator,  I  have  never 
seen  a  man  who  went  about  his  task  with  so  much  ease,  so  much 
confidence,  so  much  freedom  from  nervous  haste.  Aye,  it  was  a 
pleasure  to  see  him  preparing  his  spectroscope  for  a  night's  work, 
Alw^ays  cheerfial,  happy  if  results  were  commensurate  writh  his 
anticipations,  optimistic  if  otherwise.  I  cannot  but  think  that 
this  characteristic  of  the  man  was  a  prime  factor  in  his  splendid 
successes.  Besides  this  he  was  ever  ready  to  help  his  fellow 
workers  to  solve  problems  that  troubled  them,  and  ever  willing 
to  give  them  all  the  credit  of  the  solution. 

In  the  early  part  of  1898  an  effort  was  made  to  raise  funds  for 
a  new  Observatory,  and  although  a  large  part  of  the  money 
needed  was  subscribed  by  the  friends  of  the  institution,  the 
breaking  out  of  the  Spanish-American  war  and  other  unfortu- 
nate circumstances  prevented,  for  the  time,  a  successful  issue  of 
this  undertaking.  About  this  time  Mr.  Keeler  was  offered  a  po- 
sition on  the  staff"  of  the  Yerkes  Observatory,  and  he  was  also 
elected  EJirector  of  the  Lick  Observatory.  After  careful  considera- 
tion he  concluded  to  accept  the  call  to  the  Lick  Observatory,  and 
while  we  were  all  proud  that  his  genuine  worth  had  been  recog- 
nized by  the  Trustees  of  the  University  of  California,  we  knew 
we  were  to  suffer  an  almost  irreparable  loss  in  our  own  Obseni'a- 
tory,  but  we  could  not  say,  stay  with  us,  for  here  was  the  op- 
portunity of  a  lifetime,  and  it  would  have  been  almost  sacrilege 
to  urge  him  to  stay  under  the  circumstances. 

The  words  of  one  of  his  associates  quoted  in  the  beginning  of 
this  article  tells  us  the  story  of  the  last  two  years  of  the  life  of 
Professor  Keeler.  With  his  kindly  spirit  he  poured  oil  upon  the 
troubled  waters;  made  every  man,  woman  and  child  upon  the 
mountain  his  friend ;  organized  the  work  and  as  Professor  Hale 
has  said,  gave  himself  the  most  difficult  task  of  all.  After  a  year 
of  unremitting  labor  with  the  Crossly  Reflector,  he  has  given  to 
the  world  the  most  magnificent  photographs  of  the  nebuUe  ever 
produced.    Here  is  the  way  he  modestly  gives  the  results  of  his 
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labors.  In  a  letter  to  the  writer  dated  October  16,  1899,  he 
says:  "After  spending  no  end  of  time  on  the  old  mounting  of 
the  Reflector  I  have  it  working  very  well  indeed  and  the  results 
of  our  photographic  work  are  really  surprising.  I  have  just  sent 
an  article  to  the  Nachricbten  which  describes  what  is,  I  think, 
the  best  discovery  I  have  made  yet,  namely,  that  the  majority  of 
the  nebulfe  are  spirals,  and  that  the  spiral  form  is  that  which  is 
usually  or  normal!}'  assumed  by  nebulae  in  the  process  of  conden- 
sation. I  have  estimated  that  there  are  not  less  than  120,000 
nebulfe  in  the  sky  within  the  range  of  the  Crossky  Reflector." 

Since  that  letter  was  written  his  monographs  on  the  subject 
have  been  published  in  the  Astropbysical  Journal,  clearly  and 
cleanly  written  as  is  characteristic  of  all  his  papers,  for  Keeler 
wielded  a  facile  pen ;  his  logic  always  clean  cut  and  his  descrip- 
tions wonderfully  clear  and  charming.  His  lecture  courses  in  the 
Carnegie  Institute  in  Pittsburg  w^ere  listened  to  with  profound 
interest  and  his  generous  proposal  to  open  the  Allegheny  Observ- 
atory one  night  a  week,  between  May  and  December, — which  he 
faithfully  carried  out  until  he  left  the  Obsen-atory — served  to 
create  an  interest  in  astronomy  among  our  people  which  made 
itself  manifest  in  a  most  potent  way  when  the  proposal  to  erect 
a  new  Observatory  was  carried  out. 

But  I  have,  perhaps,  already  exceeded  the  limits  given  me  in 
this  sketch  of  the  life  work  of  our  departed  friend,  yet  the  half 
has  not  been  told  of  him  who 

"  Surveyed  God's  beauteous  firmament  unrolled 
Like  to  a  book  new  writ  in  golden  words 
And  turned  the  aiure  scroll  with  reverent  hand 
And  read  to  man  the  wonders  God  hath  wrought." 

Professor  Keeler's  father  passed  away  many  years  ago,  but  his 
good  mother,  a  most  noble  woman,  is  still  living  in  Washington, 
making  her  home  with  Dr.  David  T.  Day,  Chief  of  the  Depart- 
ment of  Mineralogy,  U,  S.  Geological  Sur\-ey,  who  married  her 
daughter,  the  only  sister  of  Professor  Keeler.  To  Professor  and 
Mrs.  Keeler  were  given  two  bright  and  lovable  children, — Cora 
and  Henry.  How  great  our  loss;  how  inconceivably  greater 
theirs.  Our  sympathy,  aye,  that  of  many  kindred  hearts  goes  out 
to  them  in  their  great  sorrow. 

The  scientific  world  honored  our  departed  friend  in  many  ways, 
but  honors  lay  lightly  upon  his  great  soul,  and  those  who  knew 
him  best,  knew  he  would  rather  see  his  colleagues  gain  the 
coveted  prize  than  to  win  it  himself. 

"  Death  makes  no  conquest  of  this  conqueror ; 
For  now  he  lives  in  Fame,  though  not  in  life." 
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THE   WHITIN  OBSERVATORY  OF  WELLESLEY   COLLEGE. 


The  opening  of  a  new  Observatory,  whether  it  be  primarily  for 
research  or  primarily  for  teaching,  or  primarily  to  obtain  the 
data  for  the  practical  work  of  the  navigator  or  geodetic  engineer 
is  always  a  matter  of  importance  in  the  astronomical  world.  In 
astronomy,  as  in  cverj'  other  science,  the  three  classes  of  work- 
shops and  workers  are  always  needed ;  the  investigator  and  his 
research  Observatory,  the  teacher  and  his  students'  Observatory, 
the  government  staff  and  their  naval  and  geodetic  stations.  All 
contribute  to  the  advancement  of  science,  and  notably,  the  teach- 
ing Obsen-atorj-  must  do  something  of  the  work  of  each  to  ac- 
complish the  best  results. 

An  Obsen-atory,  primarily  for  students'  laboratory  work  in 
astronomy,  has  just  been  opened  at  Welleslej-  College,  built  and 
equipped  by  the  enlightened  liberality  of  one  of  the  Trustees, 
Mrs.  John  C.  Whitin. 

In  the  building,  the  problem  of  harmonizing  beauty  of  pro- 
portion and  ornament  with  adaptation  to  special  functions,  has 
been  happily  iivorked  out  bj'  the  architect  and  director  together, 
and  equipment  has  not  been  sacrificed  to  costly  material.  The 
plan  is  that  of  a  dome  twenty -three  feet  in  diameter,  flanked  by 
wings  to  the  east  and  west.  The  smaller  one,  west,  is  the  transit 
room,  the  larger  one,  east,  contains  spectroscope  and  photo- 
graphic rooms,  librarj'  and  vestibule.  A  well  finished  basement 
affords  place  for  a  workshop. 

The  material  is  white  marble  from  Georgia  quaries  with  gran- 
ite base  course,  and  ribbed  copper  roof,  adorned  with  acroteria 
with  honeysuckle  ornament.  A  brick  paved  terrace  with  marble 
walls  leads  up  to  the  hooded  entrance,  above  which  is  can-ed  the 
seal  of  the  college  enclosed  in  a  wreath,  bearing  the  dates  1875, 
the  founding  of  the  college,  and  1900,  the  completion  of  the  Ob- 
ser\-atory. 

The  initial  equipment  consists  of  a  12-inch  Clark  equatorial 
refractor,  a  three-inch  transit,  a  sidereal  clock  and  chronograph, 
and  a  six-foot  focus  Rowland  concave  grating  spectroscope,  with 
heliostat.  The  telescope  is  furnished  with  spectroscope  for  solar 
work,  polarizing  photometer,  micrometer,  and  small  star  spec- 
troscope, all  with  electric  illumination.  Other  minor  instruments 
are  already  purchased,  and  it  is  intended  to  provide  less  costly 
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apparatus  in  duplicate  for  the  elementai-y  practice  of  laboratory 
divisions. 

The  opening  exercises  were  in  the  beautiful  new  Houghton 
Chapel.  After  the  entrance  of  the  academic  procession  led  by  the 
vested  choir  of  the  college,  and  an  organ  voluntary  by  the 
professor  of  music,  Professor  Hazard  introduced  Professor  E. 
C.  Pickering,  who  gave  the  address.  He  chose  for  his  subject, 
"  The  New  Planet  Eros,"  and  treated  it  most  happily.  He  spoke 
of  the  discovery  of  the  Asteroids,  of  the  early  patient  work  done 
upon  them,  of  their  late  embarrassing  number,  so  that  Asteroid 
hunting  seemed  a  doubtful  reward,  until  this  little  object  was 
found  coming  periodically  into  our  near  neighborhood,  so  that 
observations  for  its  exact  position  might  throw  light  upon  vexed 
astronomical  questions.  He  related  the  storj'  of  the  computa- 
tion of  its  orbit  by  Professor  Chandler,  based  upon  positions  ob- 
tained from  photographic  plates  by  the  patient  scrutiny  of  Mrs. 
Fleming,  and  he  told  of  the  plans  for  obser\'ation  at  the  coming 
approach.  The  usual  note  of  inspiration  for  genuine  work  for 
which  the  speaker  is  well  known,  per\-aded  the  address,  and  may 
wisely  set  the  standard  for  the  new  Observatory. 

Professor  David  P.  Todd  of  Amherst  spoke  by  request  on 
"  Laboratorj- Work  in  Astronomy,"  a  work  which  he  has  already 
done  much  to  promote.  He  claims  that  it  is  the  method  by 
which  that  healthful  interest  in  the  science  so  essential  to  its 
future  development,  may  be  created.  He  criticised  the  method 
of  teaching  astronomy  which  has  up  to  this  time  prevailed,  as  in 
direct  antagonism  to  the  fundamental  principles  of  scientific  edu- 
cation. He  expressed  the  belief  that  students  should  be  given 
apparatus  by  means  of  which  they  could  test  great  principles, 
since  rightness  of  principle  in  this  work  at  first  should  take  prece- 
dence of  display  of  mere  precision  of  result.  This  suggestive  ad- 
dress held  the  close  attention  of  the  audience. 

Letters  of  greeting  were  read  fi'om  foreign  women  of  eminence 
in  astronomy:  from  Lady  Huggins,  Miss  Agnes  Clerke  and  Miss 
Dorothea  Klumpke.  The  singing  by  the  choir  and  audience  of 
Addison's  great  hymn  of  nature,  "The  glorious  firmament  on 
high,"  concluded  the  academic  exercises. 

The  guests  followed  by  the  students,  crossed  the  meadow  to 
the  new  building.  The  whole  company  gathered  about  the  front 
entrance,  where  the  key  was  presented  by  the  donor  to  the  presi- 
dent of  the  college  with  the  words:  "It  gives  me  great  pleasure 
to  present  this  building  to  Wellesley  College  and  the  keys  to  you, 
her  president.    I  do  it  in  the  hope  that  the  telescope  and  other 
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instruments  may  inspire  a  love  of  astronomy  and  the  Observa- . 
tory  become  a  factor  in  the  higher  education  of  the  young  women 
who  come  to  Wellesley  College."  As  Mrs.  Whitin  threw^  open 
the  door  the  musical  notes  of  the  Wellealey  cheer  rose  from  the 
students  crowding  the  hillside,  and  her  name  rang  out  at  the  end. 
The  guests  next  assembled  in  the  library  where  the  fire  wa» 
lighted  upon  the  hearth  by  a  symbolic  torch  handed  to  the  donor 
by  President  Hazard,  In  the  torch,  as  was  explained,  were  the 
simples  of  the  field  which  stood  for  health  of  body,  the  fern  for 
grace  and  beauty,  the  leaf  of  the  oak  and  elm  for  peace  and  civic 
virtues,  the  laurel  for  the  breath  of  fame,  the  pine  for  hope  of 
immortality.  To  these  were  added  rosemary  for  remembrance 
and  pansies  for  thoughts.  '"With  these  holy  associations  we 
light  this  fire,  that  from  this  place  where  Sun  and  stars  are  to  be 
observed,  true  life  may  ever  aspire  with  the  flame  to  the  Author 
of  this  light."  As  the  torch,  lighted  from  a  silver  lamp  fed  with 
aqua  vitfe,  kindled  the  fire,  the  chorus  burst  into  song,  rendering 
verses  written  for  the  occasion  to  the  tune  Hendon : 

Stars  above  that  shine  and  glow 

Have  their  image  here  below, 

Flames  that  from  the  earth  arise, 

Still  aspiring,  seek  the  skies. 

Upward  with  the  flame  we  soaii 

Learning  ever  more  and  more ; 

Light  and  love  descend  till  we, 

Heaven  reflected  here  shall  see. 
The  visiting  astronomers  then  inscribed  their  names  in  the  Ob- 
servatory book,  and  all  proceeded  to  an  inspection  of  the  build- 
ing.   Refreshments  were  served  in  the  dome. 

In  the  circle  south  of  the  building,  upon  a  granite  shaft,  is  a 
sundial,  the  gift  of  an  English  friend  of  one  of  the  professors.  It 
bears  the  inscription  which  is  npon  the  sundial  in  the  garden  of 
Sir  William  and  Lady  Huggins,  "Nil  nisi  caelesti  radio."  The 
motto  on  the  stone  course  beneath  the  dome  is  "  Night  unto 
night  showeth  knoTAdedge." 

Classes  in  physical  astronomy  and  mathematical  astronomy 
are  already  proving  the  priceless  value  of  these  new  facilities. 


A  FAITHFUL  WOBKEB. 
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Mr.  David  Flanery,  a  notice  of  whose  death  appears  on  page 
400  of  the  Popular  Astronomy  for-  September,  was  bom  in 
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Limerick,  Ireland,  February  16,  1828.  He  came  to  this  country 
in  1847,  remaining  but  a  short  time,  and  returning  to  Ireland. 
Several  years  later  he  returned  to  the  United  States.  He  had  be- 
come an  expert  telegraph  operator,  and  was  employed  in  that 
capacity  at  several  points  in  the  state  of  Mississippi. 

At  the  breaking  out  of  the  Civil  War  in  1861,  Mr.  Flanery  was 
residing  in  Jackson,  Mississippi,  where  he  was  superintendent  of 
the  Southwestern  Telegraph  Company,  He  volunteered  at  the 
first  call  of  the  Confederacy  for  soldiers,  but  was  induced  to  re- 
tain his  position,  and  when  the  Confederacy  took  control  of  the 
lines  was  appointed  censor  at  Jackson.  He  remained  in  the  tele- 
graph service  through  the  whole  iwar,  being  frequently  under  fire 
in  the  course  of  his  duty. 

In  1865,  after  the  war  ended,  Mr.  Flanery  came  to  Memphis. 
He  at  once  became  permanently  identified  with  the  telegraph 
service,  and  in  1870  was  appointed  manager  of  the  New  Orleans 
offices  of  the  Western  Union.  He  was  afterward  manager  at 
Richmond,  Virginia.  He  returned  to  Memphis  in  1870,  and  re- 
mained there  until  his  death  in  August  last. 

Besides  being  an  expert  operator,  Mr.  Flanery  was  a  scientific 
electrician,  well  known  to  the  electrical  world  by  his  contribu- 
tions to  technical  literature,  and  by  several  important  inventions. 
His  life  was  a  busy  and  active  one  up  to  the  last  few  weeks  of  his 
illness.  It  was  only  when  he  was  too  frail  for  active  duty  that 
he  consented  to  leave  his  desk  at  the  Western  Union  office. 

Aside  from  his  mastery  of  electrical  science,  he  was  to  the  end  a 
student  of  astronomy,  and  was  for  many  years  a  contributor  to 
the  popular  astronomical  periodicals. 

It  was  in  this  connection  that  I  first  heard  from  him,  early  in 
the  nineties,  in  a  letter  inquiring  for  information  regarding  cer- 
tain variable  stars.  The  exchange  of  letters  grew  into  a  sus- 
tained correspondence,  which  continued  from  the  year  1895  till 
within  four  weeks  of  his  death.  He  was  a  constant  and  regular 
correspondent,  and  J  have  many  postal  cards  sent  to  keep  me  in- 
formed as  to  his  latest  observations  of  stars  in  which  we  were 
both  interested. 

He  was  a  "very  persevering  observer,  disposed  rather  to  at- 
tempt too  much  than  too  little,  as  is  attested  by  the  number  of 
stars  which  he  attempted  to  observe  during  his  first  year  of  this 
work,  many  of  which  were  beyond  the  reach  of  his  field-glass, 
which,  however,  he  had  not  at  that  time  the  means  of  knowing. 

In  a  letter,  the  last  but  one  received  fi'om  him,  dated  1900,  June 
30,  he  says:    "I  write  chiefly  to  say  I  am  alive  after  being  as 
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near  death's  door  as  a  man  gets  without  being  drawTi  in.  So  I 
have  little  to  communicate,  but  I  have  notwithstanding  kept  up 
my  observations  of  SU  Cygni,  not  missing  one  on  any  favorable 
night."  In  a  postal  card  of  June  17  he  says,  "  I  am  confined  to 
my  room,  but  slipped  down  stairs  three  steps  to  an  eastern  win- 
dow last  night,  and  had  a  view  of  SU  Cygni,"  I  had  considered 
myself  a  rather  persistent  observ-er,  but  this  puts  me  to  shame. 

Through  the  courtesy  of  his  son,  Mr.  Charles  M.  Flanery,  I 
have  by  me  all  his  note-books  for  the  years  1895  to  1900  inclu- 
sive. They  contain  in  all  some  four , thousand  obser\'ations,  on 
about  eighty  stars.  In  the  first  year  manj'  of  these  are  mere 
identifications,  but  about  a  dozen  stars  were  carefully  and  per- 
sistently followed  as  long  as  he  lived. 

Early  in  1897  he  purchased  a  small  telescope,  with  a  viev,-  to  ex- 
tending downward  the  range  of  his  obser\'ations  of  variables, 
and  also  of  making  a  course  of  observations  of  sun  spots.  This 
latter  series  was  continued,  as  his  son  informs  me  that  up  to  the 
day  before  his  death,  his  daughter  made  the  obser\-ationsforhim. 
The  last  entry  of  astronomical  character  is  August  2,  "  Nothing 
on  Sun." 

An  examination  of  these  notes  shows  that  the  observations 
were  made  with  very  great  care,  and  the  notes  are  careftilly  and 
minutely  kept.  He  was  very  solicitous  in  securing  the  best  in- 
formation accessible  to  htm  as  to  positions  and  magnitudes,  and 
in  taking  every  possible  precaution  against  avoidable  errors  of 
observation. 

Mr.  Flanery  received  little  attention  or  encouragement  from 
the  regular  astronomers;  what  he  did  receive  he  repaid  with  a 
great  gratitude  and  appreciation.  He  was  exceedingly  modest 
as  to  the  value  of  his  astronomical  work,  and  never  seemed  to 
think  it  good  enough  for  publication.  In  spite  of  all  discourage- 
ments and  difficulties,  and  the  occupations  of  a  busy  life,  he 
secured  valuable  lines  of  observations  of  a  number  of  variable 
stars,  the  results  of  which  I  hope  to  make  public  at  a  later  day, 

Dorchester,  Mass.,  1900,  Oct.  1. 


While  engaged  in  micrometrical  work  on  the  stars  in  the  great 
globular  clusters,  I  have  become  deeply  interested  in  the  variable 
stars  found  by  Professor  Bailey  on  his  photographs  taken  at 
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Arequipa,  and  a  large  number  of  observations  of  some  of  these 
stars  has  been  secured  and  will  be  printed  with  the  micrometrical 
work  when  it  is  issued. 

The  great  cluster  of  Hercules,  M  13,  at  first  seemed  to  differ 
from  the  other  globular  clusters  in  haWng  no  variable  stars 
within  its  boundaries.    This  seemed  to  be  the  case  as  late  as 

1898.  About  that  time,  however,  Professor  Bailey  found  two 
stars  slightly  variable  among  the  outliers  on  the  Harvard  pho- 
tographs. I  have  simply  heard  that  such  were  found,  but  have 
seen  nothing  stated  as  to  their  position  in  the  cluster  so  that 
they  might  be  identified  and  observed,  I  therefore  do  not  know 
of'the  location  of  any  such  variables,  and  have  made  no  special 
search  for  such  stars.    During  the  micrometer  measures,  however, 

1  have  found  a  variable  star  just  within  the  edge  of  the  brightest 
part  of  the  cluster. 

This  star  was  found  from  visual  observations  alone,  and  not 
from  an  examination  of  photographs.  Indeed,  the  only  photo- 
graph that  I  had  seen  up  to  the  time  of  finding  it  that  showed 
the  star  at  all  was  the  Potsdam  photograph.  Its  region  is 
burned  out  in  the  other  photographs  by  over-exposure.  I  have 
identified  the  star  as  No.  216  of  Scheiner's  catalogue,  measured 
on  a  photograph  of  M 13.  Its  position  has  been  micrometrically 
measured  with  reference  to  other  stars  of  the  cluster. 

Scheiner  Nos.  205  and  216, 

14°.12  (2)        21".49  (2). 

Scheiner  Nos.  183  and  216, 

\2^°.BZ  (4.)       17".50  (4). 
Scheiner  Nos.  373  and  216, 

288''.45  (2)        55".16  (^. 

The  variation  is  about  one  entire  magnitude,  from  the  13th  to 
the  14th,  or  rather  from  the  14th  to  the  13th,  because  its  normal 
condition  is  faint. 

From  obsen-ations  covering  an  interval  of  70  periods,  from 

1899,  August  14,  to  1900,  August  7, 1  deduce  a  period  of  5  days, 

2  hours  and  24  minutes  (SiJ.lO).  From  approximate  elements  its 
light  curve  seems  to  be  much  like  the  ones  found  by  Professor 
Bailey  for  the  variables  in  M  5  Libne.  The  rise  in  brightness  is 
rapid  and  the  decline  relatively  slow.  The  star  takes  about  1 
day  to  rise  to  its  maximum,  and  its  decline  occupies  about  2M  or 

3  days.  The  rise  is  therefore  about  0.2  and  the  decline  about  0.5, 
or  0.6  of  the  entire  period. 

The  photographic  magnitude  given  this  star  by  Professor 
Scheiner  is  12.4. 
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I  have  compared  the  light  of  the  Tariable  with  No.  200  near 
and  preceding  it. 
Following  are  the  observations : 

COMPARISON  OF  THE  LIGHT   OF   THE   VARIABLE    (NO.    216)    WITH 
NO.   200. 
Time:    6  hours  slow  of  Greenwich. 

1900,  July    9    0".2  brighter  than  No.  200  at  11"  35" 

10    0  .1                                            11  10 

10  0  .4                 14  0 

11  1  .0                  »  40 

12  0  .7                 10  10 
24  0  .1                 10  0 

24  0  .1                 12  25 

25  0  .1                  9  15 

25  0  .0                 10  20 

26  0  .7                    12  0 

28  0  .3                    9  15 

29  0  .1                  9  10 
29  0  .1                    10  55 


6  1  .0 

7  0  .5 
12  0  .5 


This  star  was  also  at  its  maximum  on  August  14,  1899. 
Yerkes  Observatory,  August,  1900. 


THE  OBSERVATIONS  OF  EB08.' 

It  seems  to  us  w^ise  to  communicate  to  you  the  opinion  of  the 
special  commission  appointed  by  the  International  Conference  in 
the  matter  of  two  questions  concerning  the  carrying  out  of  the 
micrometric  observations  of  the  planet  Eros. 

•  Circular  No.  5  of  the  International  Astrographic  Conference,  July,  1900, 
prepared  by  the  President,  M.  Loewy,  Paris,  Oct.  10,  1900.  Translated  from  the 
Frcnchby  Miss  I.  Watson,  Professor  of  French  and  German,  Carleton  College. 
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The  members  were  unanimously  of  the  opinions : 

I.  That  it  was  preferable  to  every  other  mode  of  operation  to 
determine  the  relative  positions  of  the  asteroid  with  regard  to 
the  neighboring  stars  by  the  aid  of  measures  of  rectilinear  co- 
ordinates. 

II.  That  it  seemed  best  to  adopt  the  11th  magnitude  as  the 
lowest  limit  of  brightness  for  the  stars  of  comparison,  so  as  to 
avoid  too  great  accidental  errors  and  slight  systematic  errors. 

Since  the  object  of  this  research  is  to  reach  the  greatest  possible 
precision,  we  beg  our  co-laborers  to  use  exceptional  care  in  the 
determination  of  instrumental  constants,  and  especially  in  the 
frequent  verification  of  the  thread  of  the  screw  which,  in  the  ob- 
servatories of  the  northern  hemisphere  could  easily  be  done  by  the 
aid  of  observations  on  the  group  of  h  Persei  (Krueger). 

On  account  of  the  numerous  gaps  which  are  certain  to  occur 
during  the  winter  months,  it  is  important  that  each  Observatory 
try  to  take  the  greatest  possible  advantage  of  every  favorable 
evening.  We  therefore  advise  the  astronomers  who  undertake 
observations  at  great  hour-angles  east  and  west,  {Circular  No. 
2,  nil  a  and  b)  not  to  be  content  with  a  single  supplementary- 
series,  but  to  make  several  of  them.  They  will  thus  increase  the 
possibilitj-  of  making  the  results,  which  are  obtained  on  different 
parts  of  the  globe  correspond  to  the  same  physical  instant ;  and 
besides,  they  will  obtain  a  series  of  observations  made  under  the 
best  conditions  of  altitude  and  which,  in  a  general  way,  will  al- 
ways be  valuable  from  divers  points  of  view.  But  the  inter\-al 
between  the  successive  series  could  then  be  reduced  to  one  hour. 

As  to  the  execution  of  photographic  work,  it  is  fitting  to 
make  the  following  remarks : 

I.  For  the  special  series  of  plates  of  which  the  sole  object  is  to 
famish  the  positions  of  stars  of  comparison,  and  which  should 
contain  all  the  stars  to  the  eleventh  (11th)  magnitude  at  least, 
we  would  advise  making  on  the  same  plate  two  exposures  of 
different  duration,  in  such  a  way  that  each  star  shall  be  repre- 
sented by  two  images,  distant  by  about  twentj-  seconds  of 
arc  in  declination.  The  second  exposure  would  have  for  its  ob- 
ject on  the  one  hand  to  render  the  the  true  images  of  the  stars 
more  recognizable ;  and  on  the  other  hand,  to  permit  two  series 
of  measures  to  be  made  on  images  of  different  intensity. 

With  the  instruments  which  are  emplo\'ed  in  the  construction 
of  the  photographic  chart  of  the  heavens  {aperture  O^.aS)  a 
duration  of  three  minutes  might  be  considered  sufficient  for  ob- 
taining the  greater  part  of  the  stars  of  the  11th  magnitude. 
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But  since  it  will  be  interesting  to  go  beyond  this  limit  in  order  to 
meet  all  possible  contingencies,  sucli  as  the  very  considerable 
differences  betTveen  photographic  and  visual  magnitudes,  or  a 
diminution  in  the  transparency  of  the  air,  or  even,  in  certain 
cases,  the  difficulty  of  finding  stars  of  comparison  of  the  eleventh 
magnitude  in  the  immediate  vicinity  of  the  planet,  it  seems  to  us 
more  reasonable  and  prudent  to  adopt  a  duration  of  6  minutes 
for  the  first  exposure,  and  of  3  minutes  for  the  second ;  as  is  the 
case  in  the  construction  of  the  photographic  catalogue  of  the 
heavens, 

II.  With  regard  to  the  series  of  plates  intended  for  the  meas- 
ures of  the  positions  of  the  planet,  it  would  be  equally  usefnl  to 
make  two  successive  exposures  on  the  same  plate,  first  by  follow- 
ing a  guide  star,  i.  e.  by  holding  the  image  of  this  star  at  the 
crossing  of  the  threads  of  the  guiding  telescope ;  second  by  fol- 
lowing the  image  of  the  planet ;  but  since  the  faintness  of  the 
asteroid  would  render  this  operation  too  difficult,  one  could  ob- 
tain the  same  result  by  giving  to  the  image  of  the  guide  star  a 
movement  equal  to  that  of  the  planet  and  in  the  opposite  direc- 
tion. One  would  thus  have  for  the  planet  in  the  first  case  a 
shghtly  elongated  image  and  in  the  second  a  circular  image. 

As  a  matter  of  information  we  can  announce  that  the  planet 
has  been  photographed  at  the  observatories  of  Paris  and  Algiers, 
Oct.  4  and  6,  by  following  a  guide  star  for  3  minutes  and  that 
perfectly  sharp  and  quite  intense  images  have  been  thus  obtained. 
It  is  then  beyond  question  that  the  photographic  observation  of 
the  asteroid  can  be  accomplished  under  good  conditions.  At  the 
two  dates  indicated  the  planet  was  judged  at  Paris  to  be  of  a 
brilliancy  at  least  equal  to  that  of  a  star  of  magnitude  10.5. 

M.  Joly  also  has  informed  lis  that  he  obtained  images  of  the 
planet  on  the  24th  of  last  September  at  the  Observatory  at 
Dublin  with  a  15-inch  reflector  and  with  exposures  of  six  and 
of  two  minutes.  Mr.  Turner,  of  Oxford,  tells  us  that  he  reached 
the  same  result  with  an  exposure  of  one  minute,  and  that  the 
rapid  motion  of  Eros  gives  no  equation  for  difficulty. 

For  the  purpose  of  assuring  so  far  as  possible  the  success  of 
this  important  work  in  ^hicli  about  fifty  observatories  are  tak- 
ing part,  it  is  essential  to  know  the  exact  state  of  advancement 
of^each  of  these  contemplated  operations.  The  executive  com- 
mittee would  thus  be  in  a  position  to  meet  the  difficulties  which 
might  arise  and  to  secure  the  measures  necessaryfor  filling  up  the 
accidental  gaps  in  the  realization  of  the  plan  of  work  folftwed. 

Accordingly  we  beg  the  astronomers  who  participate  in  this 
enterprise  to  kindly  send  us  reports  of  the  successive  degrees  of 
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progress  which  they  shall  have  accomplished  in  the  different 
kinds  of  observation. 

Here  is  a  more  complete  list  of  the  observatories  which,  after 
the  publication  of  the  preceding  circulars  have  given  their  adher- 
ence: BerKn,  Besancon,  Brussels,  Charlottesville,  Christiania, 
Denver,  Dublin,  Evanston,  Florence,  Helsingfors,  Konigsberg, 
Lisbon,  Madison,  Northfield,  Oxford  (Eng.),  Padua,  Palcrma, 
Pulkova,  Tachkent,  Teramo,  Yerkea. 

Below  will  be  found  the  continuation  of  the  auxiliary  tables 
intended  to  facilitate  the  observations  and  calculations  for  the 
months  of  January  and  February,  1901 .  We  have  added  to  it  a 
little  recapitulative  schedule  containing  the  principal  data  which 
permit  the  astronomer  to  inform  himself  on  the  general  condi- 
tions of  the  observations.  Especially  there  v^ill  be  found  the 
visual  brilliancy  of  the  planet  Eros,  calculated  for  various  epochs. 
According  to  the  estimates  made  by  Messrs.  Bigourdan,  Henry, 
Luther  and  Millosevich  the  value  10,5  has  been  adopted  for  the 
apparent  magnitude  of  the  star  Sept.  29, 1900.  The  other  num- 
bers have  been  deduced  taking  into  account  the  angle  of  the 
phase  by  means  of  the  empiric  formula  of  Mr.  E.  C.  Pickering, 
(Circular  No,  49,  Harvard  College  Observatory). 

In  order  to  facilitate  the  reduction  of  the  meridian  observations 
of  the  reference  stars,  we  will  fiimish,  for  a  certain  number  [of 
fundamentals  situated  in  the  region  traversed  by  Eros,  the  posi- 
tions calculated  at  intervals  of  ten  days,  from  September  15  to 
December  31,  1900,  and  based  on  Newcomb's  catalogue  of  funda- 
mental stars. 

SUMMARY  OF  THE  CONDITIONS  OF   OBSERVATION    OF   THE    PLANET 
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AN  ANCIENT  ASTRONOMICAL  INSTRUMENT. 

KURT  LATES. 

Some  years  ago  I  happened  to  see  in  the  Ethnological  Museum 
at  Berlin  among  a  collection  of- East  Indian  curiosities  a  small 
rectangular  board  about  three  inches  by  four,  to  the  middle  point 
of  which  a  chord  of  about  ten  inches  was  fastened.  A  number  of 
knots  were  tied  into  the  string  and  on  the  one  side  of  the  board 
some  words  in  foreign  characters  were  visible.  The  estplanation 
given  by  the  label,  attached  to  this  item  of  curiosity,  w^as,  that 
the  board  was  used  by  the  tribes  of  the  west  shore  of  East  India, 
accustomed  to  sea-faring  life,  for  the  purpose  of  determining  their 
latitudes  at  sea. 

It  is  evident  how  the  little  device  can  be  used  for  this  purpose. 
Holding  with  the  one  hand  the  board  in  a  vertical  position,  so 
that  the  longer  edges  are  horizontal,  the  observer  with  his  face 
to  the  North  Star  can  bring  the  upper  edge  to  pass  through  the 
star  whilst  the  lower  edge  is  touching  the  horizontal  line  all  the 
time,  keeping  the  middle  point  of  the  board  level  with  his  eye. 
Stretching  the  cord  to  the  tip  of  his  nose  and  marking  this  point, 
the  observer  will  have  approximately  determined  the  length  of 
one  of  the  equal  sides  of  the  isosceles  triangle,  which  has  its  ver- 
tex in  the  eye  of  the  observer;  its  base  is  formed  by  the  vertical 
line  passing  through  the  middle  point  of  the  board.  I  have  said, 
that  the  string  measures  one  of  the  sides  and  not  the  height  of 
the  triangle,  since  it  is  stretched  to  a  point  nearly  half  the  length 
of  the  base  below  the  vertex  of  the  triangle.  The  facial  differ- 
ences of  the  different  observers  must  have  estabHshed  such  a 
strong  personal  equation,  as  to  limit  each  observer  to  his  own 
apparatus.  If  we  assume  for  a  moment,  that  the  North  Star 
actually  coincides  with  the  North  Pole,  we  can  imagine,  that  the 
ancient  observers  needed  only  to  find  on  land  the  lengths  of  the 
string  for  a  number  of  conspicuous  land  marks  of  the  shore,  to 
have  a  ready  means  of  finding  between  the  latitudes  of  which 
two  standard  places  their  boat  was  located.  Indeed  we  know 
the  base  b  and  the  side  /  of  the  isosceles  triangle,  we  have,  there- 
fore, when  we  call  the  angle  at  the  vertex  L 

L  will  be  the  altitude  of  the  North  Star  or  the  latitude  of  the  ob- 
server in  our  hypothesis.  The  rudeness  of  the  method  is  appar- 
ent with  its  many  and  conspicuous  defects,  still  there  is  a  certain 
ingenuity  in  this  proceeding  cognate  to  that  displayed  in  the  in- 
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vention  of  the  gnomon.  But  there  seems  to  be  a  serious  difficulty 
■when  we  give  up  our  hypothesis,  that  the  daily  apparent  orbit  of 
the  North  Star  is  reduced  to  a  point.  It  is  obvious,  that,  when 
we  determine  the  reference  points  in  the  string  from  observations 
of  the  North  Star  in  upper  culmination,  we  would  arrive  at  ab- 
solutely erroneous  results.  The  same  ia  true  w^hen  the  star 
is  in  lower  culmination.  We  can  hardly  assume,  that  the  ancient 
observers  had  provided  for  that  purpose  a  table  of  correction,  A 
much  simpler  explanation  appears  to  me  to  be  the  following; 
The  great  monsoon  winds  always  occur  at  the  same  seasons  of 
the  year  once  in  a  southward,  and  once  in  a  northward  direction. 
Upon  them  communications  between  distant  tribes  of  the  East 
Indian  shore  have  been  dependent  from  times  immemorial.  Their 
two  seasons  are  half  a  year  apart  and  begin  with  January  and 
July  respectively.  In  the  early  evening  hours  of  January,  the 
Pole  Star  is  near  its  upper  culmination,  in  July  near  its  lower 
culmination.  If  the  ancient  navigators  were  provided  therefore, 
for  the  southward  trip  in  January,  with  a  set  of  reference  points 
based  upon  observations  in  upper  culmination,  and  for  their 
northward  journey  in  July  with  one  derived  from  lower  culmina- 
tion, it  seems  that  the  difficulty  would  be  easily  remedied.  It 
would  seem  therefore  not  improbable,  that  the  little  instrument  in 
the  Berliner  Museum  was  invented  for  the  very  purpose  ot  making 
possible  these  great  and  periodical  journeys  to  distant  shores. 
Since  the  East  Indian  peninsula  lies  between  +  25°  and  +  70°  it 
is  obvious  that  in  these  low  latitudes  the  instrument  is  at  its 
best,  in  as  much  as  a  small  change  in  latitude  will  produce  an  ap- 
preciable change  in  the  length  of  the  string.    Indeed 


varies  between  5  and  11  in  this  interval  of  latitudes  from  25°  to 
7°  so  the  string  at  Cap  Camorin  will  be  about  16  inches  with 
b  =  S  inches  and  at  the  mouth  of  the  Indus  about  7  inches. 
The  University  of  Chicago, 
1900  Oct.  30th. 


BURCKHAI.TER»a     APPARATUS     FOR     PHOTOGRAPHING 
THE  SOLAR  CORONA." 

Charles  Burckhalter's  successfiil  invention  which  enabled  him 
to  secure  such  excellent  photographs  at  the  Georgia  eclipse  last 

•  Extracts  from  an  article  that  recently  appeared  in  the  Oakland  Inquirer. 
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May  18  bringing  much  favorable  notice  both  to  himseh'  and  the 
Chabot  Observatory  of  Oakland,  with  which  he  is  connected. 
The  leading  astronomers  ot  the  world  unite  in  declaring  that 
Professor  Burckhalter's  invention  is  an  important  addition  to 
the  science  and  that  it  will  probably  lead  to  discoveries  in  the 
study  of  the  Sun's  corona. 

As  has  been  noted  before,  Professor  Burckhalter's  invention 
consists  of  a  device  whereby  both  the  brighter  and  darker  por- 
tions of  the  Sun's  corona  may  be  photographed  at  the  same 
time.  Professor  Burckhaltcr  was  able  to  give  his  invention  a 
thorough  test  at  the  Georgia  eclipse  last  May,  thanks  to  the 
generosity  of  John  Dolbeer,  a  San  Francisco  business  man  who 
takes  much  interest  in  astronomy  and  who  provided  the  neces- 
sary funds  for  the  expedition.  William  M.  Pierson  of  San  Fran- 
cisco had  previously  presented  a  photographic  telescope  to 
Chabot  Observatory  and  Dr.  George  C.  Purdee  of  Oakland  had 
provided  a  duplicate  lens  and  both  of  these  instruments  were 
taken  to  Georgia  for  use  in  the  eclipse,  most  successful  results  be- 
ing obtained,  as  can  be  judged  from  the  extracts  of  letters  from 
the  astronomers  given  below. 

Professor  C.  A.  Young  of  Princeton  Observatory,  writes  as 
follows : 

"  I  congratulate  you  most  heartily  on  your  practically  perfect 
success.  All  six  of  your  revolver  plates  are  admirable  and  the 
way  in  which  different  exposures  and  developments  of  positives 
made  from  a  single  negative  bring  out  quite  different  details  is 
very  interesting,  as  exemplified  in  the  two  pairs  of  pictures  made 
from  your  negatives  7  and  8." 

Professor  George  E.  Hale,  director  of  the  Yerkes  Observatory, 
has  the  following  to  say : 

"  Many  thanks  for  your  kindness  in  sending  the  lantern  slides 
of  your  photographs  of  the  corona.  They  certainly  show  very 
clearly  the  advantage  of  your  method  of  exposing  and  I  only 
wish  it  were  not  too  late  to  publish  them  with  the  other  eclipse 
photographs  in  the  Astronomical  Journal." 

Professor  E,  C.  Pickering  of  Harvard  College  Observatory 
says: 

"Your  letter  and  the  lantern  slides  arrived  safely.  The  latter 
are  very  interesting  and  ought  to  give  us  many  new  facts  regard- 
ing the  corona." 

Professor  J.  E.  Keeler,  the  late  director  of  Lick  Observatory, 
wrote  shortly  before  his  death  as  follows  concerning  the  results 
of  Professor  Burckhalter's  work  at  the  Georgia  eclipse : 
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"I  congratulate  you  heartily  on  the  success  of  your  method 
and  the  final  results  you  have  obtained  with  it.  While  the 
the  corona  is  less  interesting  than  that  of  the  India  eclipse,  your 
negatives  are  technically  more  perfect  than  those  secured  on  that 
occasion," 

Professor  A.  O.  Leuschner,  who  is  in  charge  of  the  students' 
Observatory  of  the  University  of  California,  had  this  to  say: 

"  Please  accept  my  sincere  thanks  for  the  fine  slides  from  your 
photographs  of  the  recent  solar  eclipse.  There  is  no  doubt  in  my 
mind  that  your  method  of  obtaining  composite  photographs  of 
the  solar  corona  is  an  immense  success  and  I  extend  to  you  my 
sincere  congratulations  on  your  fine  work." 

Captain  William  Noble,  a  prominent  member  of  the  Royal 
Astronomical  Society  of  England,  expressed  himself  as  follows : 

"I  am  delighted  with  them — there  is  no  other  word  for  it— and 
thank  you  most  sincerely  for  so  really  beautifiil  and  valuable  a 
gift.  It  seems  invidious  to  pick  out  one  when  all  are  so  excellent, 
but  I  gravely  doubt  if  '  No.  1 '  has  ever  been  surpassed  as  a  pic- 
ture of  the  region  immediately  surrounding  the  Sun's  hmb,  or 
'No.  6'  as  a  view  of  the  entire  solar  surroundings.  You  ought  to 
feel  most  uncommonly  proud  of  yourself  and  of  your  really 
brilliant  and  original  invention." 

In  writing  concerning  the  sending  of  copies  of  Professor  Burck- 
halter's  photographs  of  the  eclipse  to  Flammarion,  the  great 
French  astronomer,  M.  J.  Costa,  the  Consul  of  Uruguay  at  San 
Francisco,  says: 

"  It  is  a  pleasure  to  me  to  notify  you  that  the  great  astron- 
omer, Camille  Flammarion,  has  received,  through  J-  C,  Cebrian, 
your  photographs  of  the  Sun's  corona  and  he  has  pronounced 
them  the  best  he  has  seen  and  he  is  going  to  print  them  in  his 
paper,  {Astroaomie  Popularie).  He  will  write  you  about  some 
details  of  said  photographs," 

Dr.  L,  Weinek,  director  of  the  Royal  Observatory  of  Prague, 
Austria,  says : 

"  I  must  confess  that  I  have  never  seen  such  clear  eclipse  photo- 
graphs with  protuberances  and  a  perfectly  sharp  rim  of  the 
Moon  *  *  •  "  and  I  congratulate  you  upon  the  wonderful, 
astonishingly  beautiful  results." 

In  writing  to  John  Dolbeer,  who  furnished  the  funds  for  the 
Chabot  expedition  Dr.  Weinek  said : 

"At  your  kind  suggestion,  Mr.  Charles  Burekhalter,  director 
of  Chabot  Observatory,  Oakland,  has  sent  me  five  splendid  posi- 
tives of  this  year's  total  eclipse  of  May  28th,  taken  at  Siloam, 
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Georgia ;  they  arrived  here  on  September  29th  in  perfect  condi- 
tion. I  am  exceedingly  gratified  to  possess  these  pictures  which 
show  the  corona  in  an  incomparably  beautiful  and  clear  manner. 
I  congratulate  you  upon  your  great-heartedness  in  sending  this 
expedition  as  well  as  Mr.  Burckhalter  upon  the  wonderful  results 
obtained  by  his  method  of  control,  I  have  neverseen  even  on  the 
best  eclipse  photographs  taken  in  any  country  and  by  any  as- 
tronomers, the  corona  as  a  whole  with  the  protuberances  as  they 
are  shown  in  numbers  6  and  8,  The  protuberances  on  number  10 
also  show  a  surprising  sharpness  and  distinctness." 

Professor  Edward  S.  Holden,  formerly  director  of  Lick  Obser- 
vatory, who  is  now  in  New  York,  expressed  himself  in  the  follow- 
ing enthusiastic  manner : 

"I've  just  received  your  splendid  box  of  slides  and  given  some 
little  time  to  examining  them.  They  are  most  instructive  and  do 
you  the  greatest  credit.  It  is  all  your  own  plan,  invented 
throughout  and  carried  out  unaided  and  these  slides  are  a  posi- 
tive addition  to  science.  I  mean  to  study  them  in  connection 
with  other  slides  I  have  in  New  York  and  expect  to  learn  much. 
The  detail  is  wonderful  and  they  are  a  success.  I  thank  you  sin- 
cerely for  the  chance  of  seeing  them  and  congratulate  you  heart- 
ily." 

W.  H.  Wesley,  secretary  of  the  Royal  Astronomical  Society, 
England,  wrote,  "the  detail  near  the  Moon's  limb  is  marvelous 
and  shows  the  immense  superiority  of  the  method." 

Highly  commendatory  articles  have  also  appeared  in  various 
astronomical  journals,  testifying  to  the  importance  and  value  of 
Professor  Burckhalter's  invention. 


ASTRONOMY.' 


The  progress  of  the  new  astronomy  is  so  closely  bound  up  with 
that  of  photography  that  I  shall  briefly  call  to  mind  some  of  the 
many  achievements  in  which  photography  has  aided  the  astron- 
omer. 

Daguerre's  invention  in  1839  was  almost  immediately  tried 
with  the  Sun  and  Moon,  J.  W.  Draper  and  the  two  Bonds  in 
America,  Warren  de  la  Rue  in  this  country,  and  Foucault  and 

"  Opening  Address  by  Dr.  A,  A.  Cammon,  F.  E.  S.,  F.  R.  A.  S.,  Chairman  of 
the  Department  of  Astronomy,  at  the  Bradford  meeting  of  the  British  Associa- 
tion for  the  Advancement  of  Science.    Continued  from  page  424. 
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Fizeau  in  France,  being  among  the  pioneers  of  celestial  photog- 
raphy ;  but  no  real  progress  seems  to  have  been  made  until  after 
the  introduction  of  the  collodion  process.  Sir  John  Herschel  in 
1847  suggested  the  daily  self-registration  of  the  sun-spots  to 
supercede  drawings ;  and  in  1857  the  De  la  Rue  photo-heliograph 
was  installed  at  Kew.  From  1858-72  a  daily  record  was  main- 
tained by  the  Kew  photo-heliograph,  when  the  work  was  dis- 
continued. Since  1873  the  Kew  series  has  been  continued  at 
Greenwich,  and  is  supplemented  by  pictures  from  Dehra  Dun  in 
India  and  from  Mauritius.  The  standard  size  of  the  Sun's  disc 
on  these  photographs  has  now  been  for  many  years  8  inches, 
though  for  some  time  a  12-inch  series  was  kept  up. 

The  first  recorded  endeavor  to  employ  photography  for  eclipse 
work  dates  back  to  1851,  when  Berowsky  obtained  a  daguerreo- 
type of  the  solar  prominences  during  the  total  eclipse.  From 
that  date  nearly  every  total  eclipse  of  the  Sun  has  been  studied 
by  the  aid  of  photography. 

In  1860  the  first  regularly  planned  attack  on  the  problem  by 
means  of  photography  was  made,  when  De  la  Rue  and  Secchi 
successfully  photographed  the  prominences  and  traces  of  the 
corona,  but  it  was  not  until  1869  that  Professor  Stephen  Alex- 
ander obtained  the  first  good  photograph  of  the  corona. 

In  recent  years,  from  1893  until  the  total  eclipse  which  occurred 
last  May,  photography  has  been  employed  to  secure  large-scale 
pictures  of  the  corona.  These  were  inaugurated  in  1893  by 
Professor  Schaeberle,  who  secured  a  4-inch  picture  of  the  eclipsed 
Sun  in  Chilli ;  these  have  been  exceeded  by  Professor  Langley, 
who  obtained  a  15-inch  picture  of  the  corona  in  North  Carolina 
during  the  eclipse  of  May  1900. 

Photography  also  supplied  the  key  to  the  question  of  the 
prominences  and  corona  being  solar  appendages,  for  pictures  of 
the  eclipse  Sun  taken  in  Spain  in  1860  terminated  this  dispute 
with  regard  to  the  prominences,  and  finally  to  the  corona  in 
1871. 

In  1875,  in  addition  to  photographing  the  corona,  attempts 
were  made  to  photograph  its  spectrum,  and  at  every  eclipse  since 
then  the  sensitised  plate  ha^  been  used  to  record  both  the  spectrum 
of  the  chromosphere  and  the  corona.  The  spectrum  of  the  lower 
layers  of  the  chromosphere  were  first  successfully  photographed 
during  the  total  eclipse  of  1896  in  Nova  Zembla  by  Mr.  Shackle- 
ton,  though  seen  by  Young  as  earlj'  as  1870  and  a  new  value 
was  given  to  the  wave-length  of  the  coronal  line  (wrongly 
mapped  by  Young  in  1869)  fi-om  photographs  taken  by  Mr, 
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Fowler  during  the  eclipse  of  1898  (India). 

Lunar  photography  has  occupied  the  attention  of 
physicists  from  time  to  time,  and  when  Daguerre's  process  was 
first  enunciated,  Arago  proposed  that  the  lunar  surface  should  be 
studied  by  means  of  the  photographically  produced  images.  In 
1840  Dr.  Draper  succeeded  in  impressing  a  dagaerreotype  plate 
with  a  lunar  image  by  the  aid  of  a  5-inch  refractor.  The  earliest 
lunar  photographs,  however,  shown  in  England,  were  due  to 
Professor  Bond,  of  the  United  States.  These  he  exhibited  at  the 
Great  Exhibition  in  1851.  Dancer,  the  optician,  of  Manchester, 
Tvas,  perhaps,  the  first  Englishman  who  secured  lunar  images, 
but  they  were  of  small  size  (Abney,  "  Photography.)" 

Another  skillful  obser\-er  was  Crookes,  who  obtained  images  of 
2  inches  diameter,  with  an  8-inch  refractor  of  the  Liverpool  Ob- 
servatory. In  1852  De  la  Rue  began  experimenting  in  lunar  pho- 
tography. He  employed  a  reflector  of  some  10  feet  focal  length 
and  about  13  inches  diameter.  A  very  complete  account  of  his 
methods  is  given  in  a  paper  read  before  the  British  Association. 
Mr.  Rutherfurd  at  a  later  date  having  tried  an  llV^inch  refrac- 
tor, and  also  a  13-inch  reflector,  finally  constructed  a  photo- 
graphic refracting  telescope,  and  produced  some  of  the  finest  pic- 
tures of  the  Moon  that  were  ever  taken  until  recent  years.  Also 
Henry  Draper's  picture  of  the  Moon  taken  Sept.  3,  1863,  re- 
mained unsurpassed  for  a  quarter  of  a  century. 

Admirable  photographs  of  the  lunar  surtace  have  been  pub- 
lished in  recent  years  by  the  Lick  Observatory  and  others.  I  my- 
self devoted  considerable  attention  to  this  subject  at  one  time ; 
but  only  those  surpassing  anything  before  attempted  have  been 
published  in  1896-99  by  MM.  Loewy  and  Puiseux,  taken  with 
the  Equatorial  Coude  of  the  Paris  Observatory. 

Star  prints  were  first  secured  at  Har\*ard  College,  under  the  di- 
rection of  W.  C.  Bond,  in  1850;  and  his  son,  G.  P.  Bond,  made 
in  1857  a  most  promising  start  with  double-star  measurements 
on  sensitive  plates,  his  subject  being  the  well-known  pair  in  the 
tail  of  the  Great  Bear.  The  competence  of  the  photographic 
method  to  meet  the  stringent  requirements  of  exact  astronomy 
was  still  more  decisively  shown  in  1866  by  Dr.  Gould's  determin- 
ation from  his  plates  of  nearly  fifty  stars  in  the  Pleiades.  Their 
comparison  with  Bessel's  places  for  the  same  objects  proved  that 
the  lapse  of  a  score  of  years  had  made  no  difference  in  the  config- 
uration of  that  immemorial  cluster ;  and  Professor  Jacoby's  re- 
cent measures  of  Rutherfurd's  photographs  taken  in  1872  and 
1874  enforce  the  same  conclusion. 
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The  above  facts  are  so  forcible  that  no  wonder  that  at  the  As- 
trophotographic  Congress  held  in  Paris  in  1887  it  was  decided  to 
make  a  photographic  survey  of  the  heavens,  and  now  eighteen 
photographic  telescopes  of  13  inches  aperture  are  in  operation  in 
various  parts  of  the  world,  for  the  purpose  of  preparing  the  in- 
ternational astrographic  chart,  and  it  was  hoped  that  the  cata- 
logue plates  would  be  completed  by  1900. 

Photography  has  been  applied  so  assiduously  to  the  discovery 
of  minor  planets  that  something  like  450  are  now  known,  the 
most  notevrorthy,  perhaps,  as  regards  utility  being  the  discovery 
of  Eros  (433)  in  1898  by  Herr  Witt  at  the  Observatory  Urania, 
near  Berlin. 

With  regard  to  the  application  of  photography  to  recording 
the  forma  of  various  nebuhe,  it  is  interesting  to  quote  a  passage 
from  Dick's  "Practical  Astronomer,"  published  in  1845,  as  op- 
posed to  Herschel's  opinion  that  the  photography  of  a  nebula 
would  never  be  possible. 

"It  might,  perhaps,  be  considered  as  beyond  the  bounds  of 
probability  to  expect  that  even  the  distant  nebulae  might  thus  be 
fixed,  and  a  delineation  of  their  objects  produced,  wrhich  shall  be 
capable  of  being  magnified  by  microscopes.  But  we  ought  to 
consider  that  the  art  is  only  in  its  infancy,  and  that  plates  of  a 
more  delicate  nature  than  those  hitherto  used  may  yet  be  pre. 
pared,  and  that  other  properties  of  light  may  yet  be  discovered, 
which  shall  facilitate  such  designs.  For  we  ought  now  to  set  no 
boundaries  to  the  discoveries  of  science,  and  to  the  practical  ap- 
plications of  scientific  discovery,  which  genius  and  art  may  ac- 
complish." 

It  was  not,  however,  until  1S80  that  Draper  first  photographed 
the  Orion  Nebula,  and  later  l)y  three  years  I  succeeded  in  doing 
the  same  thing  with  an  exposure  of  only  thirty-seven  minutes. 
In  Deceml>er  1885  the  brothers  Henry  by  the  aid  of  photography 
found  that  the  Pleiades  were  involved  in  a  nebula,  part  of  which, 
however,  had  been  seen  by  myself  {Monthly  Xotices,  vol.  xl.  p. 
376)  with  my  3-foot  reflector  in  February  1S80,  and  later,  Feh- 
niarj-  1886;  it  was  also  partly  <Hscenied  at  Pulkowa  with  the 
30-inch  refractor  then  newly  erected. 

Still  more  nebulosity  wasshown  by  Dr.  Koberis's  ph«.t..,L'ra].I;s 
{ibid.,  vol.  xlvii,  p.  24.).  taken  with  his  20-inch  reflector  in  (k- 
tober  and  December  IS86,  when  the  whole  western  side  of  th^ 
group  was  shown  to  be  involved  in  a  vast  nebula,  whilst  a  later 
photograph  taken  by  MM.  Henry  early  in  1888  showed  that 
practically  the  whole  of  the  group  was  ashoal  of  nebulous  matter. 
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In  1881  Draper  and  Janssen  recorded  the  comet  oi  that  year  by 
photography. 

Huggins  (Proc.  Roy.  Soe,,  vol.  xxxii.  No.  213)  succeeded  in  pho- 
tographing a  part  of  the  spectrum  of  the  same  object  (Tebbutt's 
Comet  1881,  II.)  on  June  24,  and  the  Fraunhofer  lines  were 
amongst  the  photographic  impressions,  thus  demonstrating  that 
at  least  a  part  of  the  continuous  spectrum  is  due  to  reflected  sun- 
light. He  also  secured  a  similar  result  from  Comet  Wells  {Brit. 
Assoc.  Report,  1882,  p.  442). 

I  propose  to  consider  the  question  of  the  telescope  on  the  fol- 
lo-vi-ing  lines :  (1)  The  refractor  and  reflector  from  their  inception 
to  their  present  state.  (2)  The  various  modifications  and  im- 
provements that  have  been  made  in  mounting  these  instruments, 
and  (3)  the  instrument  that  has  lately  been  introduced  by  a  com- 
bination of  the  two,  refractor  and  reflector,  a  striking  example  of 
which  exists  now  at  the  Paris  Exhibition. 

At  a  meeting  of  the  British  Association  held  nearly  half  a  cen- 
tury ago  (1852)  (Belfast)  Sir  David  Brewster  showed  a  plate  of 
rock  crystal  w^orked  in  the  form  of  a  lens  w^hich  had  been  recently 
found  in  Nineveh.  Sir  David  Brewster  asserted  that  this  lens  had 
been  destined  for  optical  purposes,  and  that  it  never  was  a  dress 
ornament. 

That  the  ancients  were  acquainted  with  the  powers  of  a  mag- 
nifying lens  may  be  inferred  from  the  delicacy  and  minuteness  of 
the  incised  ivork  on  their  seals  and  intaghos,  which  could  only 
have  been  done  by  an  eye  aided  by  a  lens  of  some  sort- 
There  is,  however,  no  direct  evidence  that  the  ancients  were 
really  acquainted  with  the  refracting  telescope,  though  Aristotle 
speaks  of  the  tubes  through  which  the  ancients  observed  distant 
objects,  and  compares  their  effect  to  that  of  a  well  from  the  bot- 
tom of  which  the  stars  may  be  seen  in  dayhght  {"  De  Gen.  Ani- 
malium,"  lib.  v).  As  an  historical  fact  without  any  equivoca- 
tions, however,  there  is  no  serious  doubt  that  the  telescope  was 
invented  in  Holland. 

The  honor  of  being  the  originator  has  been  claimed  for  three 
men,  each  of  whom  has  had  his  partisans.  Their  names  are 
Metius,  Lippershey  and  Janssen. 

Galileo  himself  says  that  it  was  through  hearing  that  some  one 
in  France  or  Holland  had  made  an  instrument  which  magnified 
distant  objects  that  he  was  led  to  inquire  how  such  a  result  could 
be  obtained. 

The  first  publisher  of  a  result  or  discovery,  supposing  such  dis- 
covery to  be  honestly  his  own,  ranks  as  the  first  inventor,  and 


.y  Google 


Dr.  A.  A.  Common.  501 

there  is  little  doubt  that  Galileo  was  the  first  to  show  the  world 
how  to  make  a  telescope  {Newcomb's  "Astronomy,"  p.  108). 
His  first  telescope  was  made  ■whilst  on  a  visit  to  Venice,  and  he 
there  exhibited  a  telescope  magnifying  three  times',  this  was  in 
May,  1609.  Later  telescopes  which  emanated  fi-om  the  hands  of 
Galileo  magnified  successively  four,  seven  and  thirty  times.  This 
latter  number  he  never  exceeded. 

Greater  magnifying  power  was  not  attained  until  Kepler  ex- 
plained the  theory  and  some  of  the  advantages  of  a  telescope 
made  of  two  convex  lenses  in  his  "Catoptrics"  (1611).  The  first 
person  to  actually  apply  this  to  the  telescope  was  Father 
Scheiner,  who  describes  it  in  his  "Rosa  Ursina"  (1630)  and  Wm. 
Gascoigne  was  the  first  to  appreciate  practically  the  chief  advan- 
tages by  his  invention  of  the  micrometer  and  application  of  tele- 
scopic sights  to  instruments  of  precision. 

It  was,  however,  not  until  about  the  middle  of  the  seventeenth 
century  that  Kepler's  telescope  came  to  be  nearly  universal,  and 
then  chiefly  because  its  field  of  view  exceeded  that  of  the  Galilean, 

The  first  powertul  telescopes  were  made  by  Huyghens,  and  with 
one  of  these  he  discovered  Titan  (Saturn's  brightest  satellite): 
his  telescopes  magnified  from  forty-eight  to  ninety-two  times, 
were  about  2Mi  inches  aperture,  with  focal  lengths  ranging  fi-om 
12  to  23  feet.  By  the  aid  of  these  he  gave  the  first  explanation 
of  Saturn's  ring,  which  he  published  in  1659. 

Huyghens  also  states  that  he  made  object-glasses  of  170  feet 
and  210  feet  focal  length ;  also  one  300  feet  long,  but  which  mag- 
nified only  600  times ;  he  also  presented  one  of  123  feet  to  the 
Royal  Society  of  London, 

Auzout  states  that  the  best  telescopes  of  Campani  at  Rome 
magnified  150  times,  and  were  of  17  feet  focal  length.  He  him- 
self is  said  to  have  made  telescopes  of  from  300  to  600  feet  focus, 
but  it  is  improbable  that  they  were  ever  put  to  practical  use. 
Cassini  discovered  Saturn's  fifth  satellite  (Rhea)  in  1672,  with  a 
telescope  made  by  Campani,  magnifj-ing  about  150  times,  w^hilst 
later,  in  1684,  he  added  the  third  and  fourth  satellites  of  the 
same  planet  to  the  list  of  his  discoveries. 

Although  these  telescopes  were  unwieldy,  Bradley,  with  his 
usual  persistency,  actually  determined  the  diameter  of  Venus  in 
1722  with  a  telescope  of  212  feet  focal  length. 

With  such  cumbersome  instruments  many  devices  were  in- 
vented of  pointing  these  aerial  telescopes,  as  they  ivere  termed, 
to  various  parts  of  the  sky.  Huyghens  contrived  some  ingenious 
arrangements  for  this  purpose,  and  also  for  adjusting  and  centre- 
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ing  the  eye-piece,  the  object-glass  and  eye-piece  being  connected 
by  a  long  braced  rod. 

It  was  not,  however,  until  Dolland's  invention  of  the  achro- 
matic object-glass  in  1757-58  that  the  refracting  telescope  was 
materially  improved,  and  even  then  the  difficulty  of  obtaining 
large  blocks  of  glass  free  from  strife  limited  the  telescope  as  re- 
gards aperture,  for  even  at  the  date  of  Airy's  report  we  have 
seen  that  12  inches  was  about  the  maximum  aperture  for  an 
object-glass. 

The  work  of  improvingglass  dates  back  to  1784,  when  Guinand 
began  experimenting  with  the  manufacture  of  optical  flint  glass. 

He  conveyed  his  secrets  to  the  firm  of  Fraunhofer  and  Utz- 
schneider,  whom  he  joined  in  1805,  and  during  the  period  he  was 
there  they  made  the  9.6-inches  object-glass  for  the  Dorpat  tele- 
scope, 

Merz  and  Mfedler,  the  successors  of  Fraunhofer,  carried  out 
successfully  the  methods  handed  down  to  them  by  Guinand  and 
Fraunhofer. 

Guinand  communicated  his  secrets  to  his  family  Ijefore  his 
death  in  1823,  and  they  entered  into  partnership  with  Bontemps. 
The  latter  afterwards  joined  the  firm  of  Chance  Bros.,  of  Bir- 
mingham, and  so  some  of  Guinand's  work  came  to  England. 

At  the  present  day  MM.  Fcil,  of  Paris,  who  are  direct  descen- 
dants of  Guinand  and  Messrs.  Chance  Bros.,  of  Birmingham,  are 
the  best  known  manufacturers  of  large  discs  of  optical  glass. 

It  is  related  in  history  that  Ptolemy  Euergetes  had  caused 
to  be  erected  on  a  lighthouse  at  Alexandria  a  piece  of  apparatus 
Jor  discovering  vessels  a  long  wny  off;  it  has  also  Ikjcu  main- 
tained th.'it  thf  instnimcnt  cited  was  a  concave  reflecting  mirror, 
and  it  is  possible  to  observe  witli  the  naked  eye  imfiges  formed 
by  a  concave  mirror,  and  that  such  images  are  very  bright. 

Also  the  Romans  were  well  acquainted  with  the  concentrating 
power  of  concave  mirrors,  using  them  as  burning  mirrors,  as 
liiey  were  called.  The  first  application  of  an  eye  lens  to  the 
image  formed  by  reflection  from  a  concave  mirror  appears  to 
iKtve  been  made  by  Father  Zuechi,  an  Italian  Jesuit.  His  work 
\ .as  published  in  1052,  though  it  apjKars  he  employed  such  an 
instrument  as  early  as  Killi.  The  priority,  however,  ofdescrii- 
ing,  if  not  making,  a  ])ra'.-tic,il  rcflcctinf;  telescope  belongs  t  > 
C.regory.  who,  in  his  "Optica  I'roniota,"  Hj63,  discusses  tl;- 
forms  of  images  of  objects  produced  by  mirrors.  He  was  wcil 
iiware  of  the  failure  of  all  attempts  to  periect  telescopes  by  using 
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lenses  of  various  curvature,  and  proposed  the  form  of  reflecting 
telescope  which  bears  his  name. 

Newton,  however,  was  the  first  to  construct  a  reflecting  tele- 
scope, and  with  it  he  could  see  Jupiter's  satellites,  etc.  En- 
couraged by  this,  he  made  another  of  6?4-inches  focal  length, 
■which  magnified  thirty-eight  times,  and  this  he  presented  to  the 
Royal  Society  on  the  day  of  his  election  to  the  Society  in  1671. 

To  Newton  we  owe  also  the  idea  of  employing  pitch,  used  in 
the  working  of  the  surfaces. 

A  third  form  of  telescope  was  invented  by  Cassegrain  in  1672. 
He  substituted  a  small  convex  mirror  for  the  concave  mirror  in 
Gregory's  form,  and  thus  rendered  the  telescope  a  little  shorter. 

Short,  also  from  1730-68,  displayed  uncommon  ability  in  the 
manufacture  of  reflecting  telescopes,  and  succeeded  in  giving 
true  parabolic  and  elliptic  figures  to  his  specula,  besides  obtain- 
ing a  high  degree  of  polish  upon  them.  In  Short's  first  telescopes 
the  specula  were  of  glass,  as  suggested  by  Gregory ;  but  it  was 
not  until  after  Liebig's  discovery  of  the  process  of  depositing  a 
a  film  of  metallic  silver  upon  a  glass  surface  from  a  salt  in  solu- 
tion that  glass  specula  became  almost  universal,  and  thus  re- 
placed the  metallic  ones  of  earlier  times. 

Shortly  after  the  announcement  of  Liebig's  discovery  Steinheil 
{Gaz.  Univ.  d'Augsburg,  Mar/:h  24,  1856)— and  later,  indepen- 
dently, Poucault,  {Comptes  rend.,  Vol.  XLIV,  February  1857)— 
proposed  to  employ  glass  for  the  specula  of  telescopes,  and  as  is 
well  known,  this  is  done  in  all  the  large  reflectors  of  to-day, 

I  now  propose  to  deal  with  the  various  steps  in  the  develop- 
ment of  the  telescope,  which  have  resulted  in  the  three  forms  that 
I  take  as  examples  of  the  highest  development  at  the  present 
time.  These  are  the  Yerkes  telescope  at  Chicago,  my  own  5-foot 
reflector,  and  the  telescope  recently  erected  at  the  Paris  Exhibi- 
tion, dealing  not  only  with  the  mountings,  but  with  the  princi- 
ples of  construction  of  each.  When  the  telescope  was  first  used 
all  could  be  seen  by  holding  it  in  the  hand.  As  the  magnifying 
power  increased,  some  kind  of  support  would  become  absolutely 
necessary,  and  this  would  take  the  form  of  the  altitude  and 
azimuth  stand,  and  the  motion  of  the  heavenly  bodies  would 
doubtless  suggest  the  parallactic  or  equatorial  movement,  by 
Tvhich  the  telescope  followed  the  object  by  one  movement,  of 
an  axis  placed  parallel  to  the  pole.  This  did  not  come,  however, 
immediately.  The  long  focus  telescopes  of  which  I  have  spoken 
were  sometimes  used  with  a  tube,  but  more  often  the  object-glass 
was  mounted  in  a  long  cell  and  suspended  from  the  top  of  a  pole 
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at  the  right  height  to  be  in  a  line  between  the  observer  and  the 
object  to  be  looked  at ;  and  it  was  so  arranged  that  by  means  of 
a  cord  it  could  be  brought  into  a  fairly  correct  position.  Not- 
withstanding the  extreme  awkwardness  of  this  arrangement, 
most  excellent  observations  were  made  in  the  seventeenth  cen- 
tury by  the  users  of  these  telescopes.  Then  the  achromatic  tele- 
scope was  invented  and  mechanical  moiintings  were  used,  with 
circles  for  finding  positions,  much  as  we  have  them  now.  1  have 
already  mentioned  the  rivalry  between  the  English  and  German 
forms  of  mountings,  and  Airy's  preference  for  the  English  form. 
The  general  feeling  amongst  astronomers  has,  however,  been 
largely  in  favor  of  the  German  mounting  for  refractors,  due,  no 
doubt,  to  a  great  extent,  to  the  enormous  advance  in  engineering 
skill.    We  have  many  examples  of  this  form  of  mounting.    •  •  • 

The  small  reflector  made  by  Sir  Isaac  Newton,  probably  the 
first  ever  made,  and  now  at  the  Royal  Society,  is  mounted  on  a 
ball,  gripped  by  two  cur\-ed  pieces,  attached  to  the  body  of  the 
telescope,  which  allows  the  telescope  to  be  pointed  in  any  direc- 
tion. We  have  not  much  information  as  to  the  mounting  of 
early  reflectors.  Sir  William  Herschel  mounted  his  4-foot  tele- 
scope on  a  rough  but  admirably  planned  open-work  mounting, 
capable  of  being  turned  round,  and  with  means  to  tilt  the  tele- 
scope to  any  required  angle.  This  form  was  not  very  suitable 
for  picking  up  objects  or  determining  their  position,  except  indi- 
rectly ;  but  for  the  way  it  w^as  used  by  Sir  William  Herschel  it 
was  most  admirably  adapted ;  the  telescope  being  elevated  to  the 
required  angle,  it  was  left  in  that  position,  and  became  practi- 
cally a  transit  instrument.  All  the  objects  passing  through  the 
field  of  view  (which  was  of  considerable  extent,  as  the  eye-piece 
could  not  lie  moved  in  declination)  were  observed,  and  their 
places  in  time  and  declination  noted,  so  that  the  positions  of  all 
these  objects  in  the  zone  observed  were  obtained  with  a  consider- 
able degree  of  accuracy.  It  was  on  this  plan  that  Sir  John 
Herschel  made  his  general  catalogue  of  nebula;,  embracing  all 
the  nebulae  he  could  see  in  both  hemispheres ;  a  complete  work 
by  one  man  that  is  almost  unique  in  the  historj-  of  astronomy. 

Sir  William  Herschel's  mounting  of  his  4-foot  reflector  differs 
in  almost  every  particular  from  the  mountings  of  the  long  focus 
telescopes  we  have  just  spoken  of.  The  object-glass  was  at  a 
height,  the  reflector  was  close  to  the  ground.  There  was  a  tube 
to  one  telescope,  but  not  to  the  other.  The  observer  in  one  case 
stood  on  the  ground,  in  the  other  he  was  on  a  stage  at  a  con- 
siderable elevation.    One  pole  sufficed  with  a  cord  for  one ;   a 
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whole  mass  of  poles,  wheels,  pulleys  and  ropes  surrounded  the 
other.  In  one  respect  only  were  they  alike — they  both  did  fine 
work. 

Lassell  seems  to  have  been  the  first  to  mount  a  reflector  equa- 
torially.  He,  like  Herschel,  made  a  4-foot  telescope,  and  this  he 
mounted  in  this  way.  Lord  Rosse  mounted  his  telescopes  some- 
what after  the  manner  of  Sir  William  Herschel,  The  present 
Earl  has  mounted  a  3-foot  equatorially. 

A  4-foot  telescope  was  made  by  Thomas  Grubb  for  Melbourne, 
and  this  he  mounted  on  the  German  plan.  The  telescope  being  a 
Cassegrain,  the  observer  is  practically  on  the  ground  level.  A 
somewhat  similar  instrument  exists  at  the  Paris  Observatory. 
Lassell's  4-foot  was  mounted  in  what  is  called  a  fork  mounting, 
as  is  also  my  own  5-foot  reflector,  and  this  in  some  ways  seems 
well  adapted  for  reflectors  of  the  Newtonian  kind. 

We  now  come  to  the  Paris  telescope.  This  is  really  the  result 
of  the  combination  of  a  reflector  and  a  refractor.  I  cannot  say 
when  a  plane  mirror  was  first  used  to  direct  the  light  into  a  tele- 
scope for  astronomical  purposes.  It  seems  first  to  have  been  sug- 
gested by  Hooke,  who,  at  a  meeting  of  the  Royal  Society,  when 
the  difiiculty  of  mounting  the  long  focus  lenses  of  Huyghens  was 
under  discussion,  pointed  out  that  all  difficulties  would  be  done 
away  with  if,  instead  of  giving  movement  to  the  huge  telescope 
itself,  a  plane  mirror  were  made  to  move  in  front  of  it  (Lockyer, 
"Star-gazing,"  p.  453). 

The  Earl  of  Crawford,  then  Lord  Lindsay,  used  a  heliostat  to 
direct  the  rays  from  the  Sun,  on  the  occasion  of  the  transit  of 
Venus,  through  a  lens  of  40  feet  focal  length,  in  order  to  obtain 
photographs,  and  it  was  also  largely  used  by  the  American  ob- 
servers on  the  same  occasion. 

Monsieur  Loewy  at  Paris  proposed  in  1871  a  most  ingenions 
telescope  made  by  a  combination  of  two  plane  mirrors  and  an 
achromatic  object-glass,  which  he  calls  a  Coud^  telescope,  which 
has  some  most  important  advantages.  Chief  amongst  these  are 
that  the  observer  sits  in  perfect  comfort  at  the  upper  end  of  the 
polar  axis,  whence  he  need  not  move,  and  by  suitable  arrange- 
ments  he  can  direct  the  telescope  to  any  part  of  the  visible  heav- 
ens. Several  have  been  made  in  France,  including  a  large  one  of 
24  inches  aperture,  erected  at  the  Paris  Observatory,  and  which 
has  already  made  its  mark  by  the  production  of  perhaps  the  best 
photographs  of  the  Moon  yet  obtained.  I  have  already  spoken 
of  Lord  Lindsay  and  his  40-foot  telescope,  fed,  as  it  were  with 
light  from  a  hefiostat.    This  is  exactly  the  plan  that  has  been  f  o 
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lowed  in  the  design  of  the  large  telescope  in  the  Paris  Exhibition. 
But  in  place  of  a  lens  of  4  inches  aperture  and  a  heliostat  a  few- 
inches  larger,  the  Paris  telescope  has  a  plane  mirror  of  6  feet  and 
a  lens  exceeding  4  feet  in  diameter,  with  a  focal  length  of  186 
feet.  The  cost  of  a  mounting  on  the  German  plan  and  of  a  dome 
to  shelter  such  an  instrument  would  have  been  enormous.  The 
form  chosen  is  at  once  the  best  and  cheapest.  One  of  the  great 
disadvantages  is  that  from  the  nature  of  things  it  cannot  take 
in  the  whole  of  the  heavens.  The  heliostat  form  of  mounting  of 
the  plane  mirror  causes  a  rotation  of  the  image  in  the  field  of 
view  which  in  many  lines  of  research  is  a  strong  objection.  There 
is  much  to  be  said  on  the  other  side.  The  dome  is  dispensed  with, 
the  tube,  the  equatorial  mounting  and  the  rising  floor  are  not 
wanted.  The  mechanical  arrangements  of  importance  are  con- 
fined to  the  mounting  of  the  necessary  machinery  to  carry  the 
large  plane  mirror  and  move  it  round  at  the  proper  rate.  The 
telescope  need  not  have  any  tube  (that  to  the  Paris  telescope  is, 
of  course,  only  placed  there  for  effect)  as  the  flimsiest  covering  is 
enough  if  it  excludes  false  light  falling  on  the  eye-end ;  and,  more 
important  than  all,  the  observer  sits  at  his  ease  in  the  dark 
chamber.  This  question  of  the  observer,  and  the  conditions 
under  which  he  observes,  is  a  most  important  one  as  regards 
both  the  quality  and  quantity  of  the  work  done. 

We  have  watched  the  astronomer,  first  observing  from  the 
floor  level,  then  mounted  on  a  high  scafl'old  like  Sir  William 
Herschel,  Lassell  and  Lord  Rosse;  then,  starting  again  from  the 
floor  level  and  using  the  early  achromatic  telescope ;  then,  as 
these  grew  in  size,  climbing  up  on  observing  chairs  to  suit  the 
various  positions  of  the  eye-end  of  the  telescope,  as  we  see  in 
Mr.  Newall's  great  telescope ;  then  brought  to  the  floor  again  by 
that  excellent  device  of  Sir  Howard  Gnibb,  the  rising  floor.  This 
is  in  use  with  the  Lick  and  the  Yerkes  telescopes,  where  the  ob- 
server is  practically  always  on  the  floor  level,  though  constant 
attention  is  needed,  and  the  circular  motion  has  to  be  provided 
for  by  constant  movement,  to  say  nothing  of  the  danger  of  the 
floor  going  wrong.  Then  we  have  the  ideal  condition,  as  in  the 
Equatorial  Coud€  at  the  Paris  Observatory,  where  the  observer 
sits  comfortably  sheltered  and  looks  down  the  telescope,  and 
from  this  position  can  surii-ey  the  whole  of  the  visible  heavens. 
The  comfort  of  the  observer  is  a  most  important  matter,  es- 
pecially in  the  long  exposures  that  are  given  to  photographic 
plates,  as  well  as  for  continued  visual  work.  In  such  a  form  of 
telescope  as  that  at  Paris,  the  heliostat  form  of  mounting  the 
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plane  mirror  is  most  suitable,  notwithstanding  the  rotation  of 
the  image.  But  there  is  another  wayin  which  aplane  mirror  can 
be  mounted,  and  that  is  on  the  plan  first  proposed  by  Auguste 
many  years  ago  and  lately  brought  forward  again  by  Mons. 
Lippman,  of  Paris,  and  that  is  by  simply  mounting  liie  plane 
mirror  on  a  polar  axis  and  parallel  therewith,  and  causing  his 
mirror  to  rotate  at  half  the  speed  of  the  Earth's  rotation.  Any 
part  of  the  heavens  seen  by  any  person  reflected  from  his  mirror 
will  appear  to  be  fixed  in  space,  and  not  partake  of  the  apparent 
movement  of  the  Earth,  so  long  as  the  mirror  is  kept  moving  at 
this  rate.  A  telescope,  therefore,  directed  to  such  a  mirror  can 
obser\-e  any  heavenly  body  as  if  it  were  in  an  absolutely  fixed  po- 
sition so  long  as  the  angle  of  the  mirror  shall  not  be  such  as  to 
make  the  reflected  beam  less  than  will  fill  the  object-glass.  There 
is  one  disadvantage  in  the  coelostat,  as  this  instrument  is  called, 
and  that  is  its  suitability  only  for  regions  near  the  equator.  The 
range  above  and  below,  however,  is  large  enough  to  include  the 
greater  portion  of  the  heavens,  and  that  portion  in  which  the 
solar  sj'stem  is  included.  Here  the  telescope  must  be  moved  in 
azimuth  for  different  portions  of  the  sky,  as  is  fully  explained  by 
Professor  Turner  in  Vol.  LVI  of  the  Monthly  Notices,  and  it 
therefore  becomes  necessary  to  provide  for  moving  the  telescope 
in  azimuth  from  time  to  time  as  different  zones  above  or  below 
the  equator  are  observed.  No  instrument  yet  devised  is  suitable 
for  all  kinds  of  work,  but  this  form,  notwithstanding  its  defects, 
has  so  many  and  such  important  advantages  that  I  think  it 
will  obviate  the  necessity  of  building  any  larger  refractors  on  the 
usual  models.  The  cost  of  producing  a  telescope  much  larger 
than  the  Yerkes  on  that  model,  in  comparison  with  what  could 
be  done  on  the  plan  I  now  advocate,  renders  it  most  improbable 
that  further  money  will  be  spent  in  that  way.  It  may  be  asked, 
What  are  the  lines  of  research  which  could  be  taken  up  by  a  tele- 
scope of  this  construction,  and  on  what  lines  should  the  tele- 
scope be  built  ?  I  will  endeavor  to  answer  this.  All  the  work 
that  is  usually  done  by  an  astronomical  telescope,  excepting  very 
long  continued  observations,  can  be  equally  well  done  by  the 
fixed  telescope.  But  there  are  some  special  lines  for  which  this 
form  of  research  is  admirably  suited,  such  as  photographs  of  the 
Moon,  which  would  be  possible  with  a  reflecting  mirror,  of 
say,  200  feet  focal  length,  giving  an  image  of  some  2  feet  diame- 
ter in  a  primary  focus,  or  a  larger  image  might  be  obtained 
either  by  a  longer  focus  miror  or  by  a  combination.  It  might 
even  be  worth  while  to  build  a  special  coelostat  for  lunar 
photography,  provided  with  an  adjustment  to  the  polar  asis 


.y  Google 


508  Astronomy. 

and  a  method  of  regulating  the  rate  of  clock  to  correct  the 
irregular  motioQ  of  the  Moon,  and  thus  obtain  absolutely  fixed 
images  on  the  photographic  plate. 

The  advantage  of  large  primary  images  in  photography  is  now 
fully  recognized.  For  all  other  kinds  of  astronomical  photo- 
graphy a  fixed  telescope  is  admirably  adapted ;  and  so  with  all 
spectroscopic  investigations,  a  little  consideration  will  show  that 
the  conditions  under  which  these  investigations  can  be  pursued 
are  almost  ideal.  As  to  the  actual  form  such  a  construction 
would  take,  we  can  easily  imagine  it.  The  large  mirror  mounted 
as  a  coelostat  in  the  center ;  circular  tracks  round  this  center,  on 
which  a  fan-shaped  house  can  be  travelled  round  to  any  azimuth, 
containing  all  the  necessary  apparatus  for  utilising  the  light  from 
the  large  plane  mirror,  so  as  to  be  easily  moved  round  to  the  re- 
quired position  in  azimuth  for  observation.  In  place  of  a  fan- 
shaped  house  movable  round  the  plane  mirror,  a  permanent 
house  might  encircle  the  greater  portion  round  the  mirror,  and 
in  this  house  the  telescope  or  whatever  optical  combination  is 
used  might  be  arranged  on  an  open  framework,  supported  on 
similar  rails,  so  as  to  run  round  to  any  azimuth  required.  The 
simplicity  of  the  arrangement  and  the  enormous  saving  in  cost 
would  allow  in  any  well-equipped  Obser\*atory  the  use  of  a  spe- 
cial instrument  for  special  work.  The  French  telescope  has  a  mir- 
ror about  6  feet  in  diameter  and  a  lens  of  about  4  feet.  This  is  a 
great  step  in  advance  over  the  Yerkes  telescope,  and  it  may  be 
some  time  before  the  glass  for  a  lens  greater  than  50  inches  di- 
ameter 'will  be  made,  as  the  difficulty  in  making  optical  glass  is 
undoubtedly  very  great.  But  with  the  plane  mirror  there  will  be 
no  such  difficulty,  as  6  feet  has  already  been  made ;  and  so  with  a 
concave  mirror  there  would  be  little  difficulty  in  beginning  with 
6  feet  or  7  feet.  The  way  in  which  the  mirror  would  be  used,  al- 
ways hanging  in  a  band,  is  the  most  favorable  condition  for  good 
work,  and  the  absence  of  motion  during  an  observation,  except 
of  course  that  of  the  plane  mirror  {which  could  be  given  by  float- 
ing the  polar  axis  and  suitable  mechanical  arrangements,  a  mo- 
tion of  almost  perfect  regularity). 

One  extremely  important  thing  in  using  silver  or  glass  mirrors 
is  the  matter  of  resilvering  from  time  to  time.  Up  to  quite  re- 
cently the  silvering  of  my  5-foot  mirror  was  a  long,  uncertain 
and  expensive  process.  Now  we  have  a  method  of  silvering  mir- 
rors that  is  certain,  quick  and  cheap.  This  takes  away  the  one 
great  disability  from  the  silver  or  glass  reflecting  telescope,  as  the 
surface  of  silver  can  no^v  be  renew^ed  with  greater  ease  and  in  less 
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time  than  the  lenses  of  a  large  refracting  telescope  could  be  taken 
ont  and  cleaned.  It  may  be  that  we  shall  revert  to  speculum 
metal  forour  mirrors,  or  use  some  other  deposited  metal  on  glass; 
but  even  as  it  is  we  have  the  silvered  glass  reflector,  which  at 
once  allows  an  enormous  advance  in  power.  To  do  justice  to  any 
large  telescope  it  should  be  erected  in  a  position,  as  regards  cli- 
mate, where  the  conditions  are  as  favorable  as  possible. 

The  invention  of  the  telescope  is  to  me  the  most  beautifiil  ever 
made.  Familiarity  both  in  making  and  in  using  has  only  in* 
creased  my  admiration.  With  the  exception  of  the  microphone 
of  the  late  Professor  Hughes,  which  enabled  one  to  hear  other- 
wise inaudible  sounds,  sight  is  the  only  sense  that  we  have  been 
able  to  enormously  increase  in  range.  The  telescope  enables  one 
to  see  distant  objects  as  if  they  were  at,  say,  one-five-thousandth 
part  of  their  distance,  while  the  microscope  renders  visible  objects 
so  small  as  to  be  almost  incredible.  In  order  to  appreciate  better 
w^hat  optical  aid  does  for  the  sense  of  sight,  we  can  imagine  the 
size  of  an  eye,  and  therefore  of  a  man,  capable  of  seeing  in  a  nat- 
ural way  what  the  ordinary  eye  sees  by  the  aid  of  a  large  tele- 
scope, and,  on  the  other  hand,  the  size  of  a  man  and  his  eye  that 
could  see  plainly  small  objects  as  we  see  them  under  a  powerful 
microscope.  The  man  in  the  first  case  would  be  several  miles  in 
height,  and  in  the  latter  he  would  not  exceed  a  very  small  frac- 
tion of  an  inch  in  height. 

Photography  also  comes  in  as  a  further  aid  to  the  telescope,  as 
it  may  possibly  be  to  the  microscope.  For  a  certain  amount  of 
light  is  necessary  to  produce  sensation  in  the  eye.  If  this  light  is 
insufficient  nothing  is  seen ;  but  owing  to  the  accumulative  effect 
of  light  on  the  photographic  plate,  photographs  can  be  taken  of 
objects  otherwise  invisible,  as  I  pointed  out  years  ago,  for  in 
photographs  I  took  in  1883  stars  were  shown  on  photographic 
plates  that  I  could  not  see  in  the  telescope.  All  photographs, 
when  closely  examined,  are  made  up  of  a  certain  number  of  little 
dots,  as  it  were,  in  the  nature  of  stippling,  and  it  is  a  very  inter- 
esting point  to  consider  the  relation  of  the  size  and  separation  of 
these  dots  that  form  the  image,  and  the  rods  and  cones  of  the 
retina  which  determines  the  power  of  the  eye. 

Many  years  ago  I  tried  to  determine  this  question.  I  firsttook 
a  photograph  of  the  Moon  with  a  telescope  of  very  short  focus 
(as  near  as  I  could  get  it  to  the  focus  of  the  eye  itself,  which  is 
about  half  an  inch).  The  resulting  photograph  measured  one 
two-hundredth  of  an  inch  in  diameter,  and  when  examined 
again  with  a  microscope  showed  a  fair  amount  of  detail,  in  fact. 
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very  much  as  we  see  the  Moon  with  the  naked  eye ;  making  a 
picture  of  the  Moon  bj^  hand  on  such  a  scale  that  each  separate 
dot  of  which  it  was  made  corresponded  with  each  separate 
sensitive  point  of  the  retina  employed  when  viewing  the  Moon 
without  optical  aid,  I  found,  on  looking  at  this  picture  at  the 
proper  distance,  that  it  looked  exactly  like  a  real  Moon.  In  this 
case  the  distance  of  the  dots  \vas  constant,  making  them  larger 
or  smaller  forming  the  light  or  shade  of  the  picture. 

I  did  not  complete  these  experiments,  but  as  far  as  I  went  I 
thought  that  there  was  good  reason  to  believe  that  w^e  could  in 
this  way  increase  the  defining  power  of  the  eye.  It  is  a  subject 
well  worthy  of  further  consideration. 

I  know  that  in  this  imperfect  and  necessarily  brief  address  I 
have  been  obliged  to  omit  the  names  of  many  workers,  but  I 
cannot  conclude  ivithout  alluding  to  the  part  that  this  Associa- 
tion has  played  in  fostering  and  aiding  Astronomy.  A  glance 
through  the  list  of  money  grants  shows  that  the  help  has  been 
most  liberal.  In  my  youth  I  recollect  the  great  value  that  was 
put  on  the  British  Association  Catalogue  of  Stars ;  we  know  the 
help  that  was  given  in  its  early  days  to  the  Kew  Observatory ; 
and  the  Reports  of  the  Association  show  the  great  interest  that 
has  always  been  taken  in  our  work.  The  formation  of  a  separ- 
ate Department  of  Astronomy  is,  I  hope,  a  pledge  that  this  inter- 
est will  be  continued,  to  the  advantage  of  our  science. — Nature. 


THE  REFLECTOR  IN  AMERICA. 


Not  long  ago  we  received  a  reprint  of  an  article  prepared  by 
the  late  Professor  James  E,  Keeler,  entitled  "  The  Crossley  Re- 
flector of  the  Lick  Observatory,  with  which  were  given  several 
plates,  explanatory  of  the  instriiment,  and  one  illustrating  its 
work  as  a  photographic  telescope.  The  object  photographed  was 
the  Trifid  nebula.  The  negative  was  taken  July  6,  1899,  with  an 
exposure  of  three  hours.  In  the  article  above  referred  to.  Profes- 
sor Keeler  said  that  the  negative  "was  not  selected  as  a  specimen 
of  the  w^ork  of  the  instrument,  for  it  was  made  in  the  early 
stages  of  experiments,  and  the  star  images  were  not  good,  but 
rather  on  account  of  the  interest  of  the  subject," 

The  reproduction  of  the  negative  was  by  the  photogravure 
process,  and  reported  to  be  fairly  successful.    It  was  enlarged,  as 
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compared  with  the  original  negative,  2.9  diameters  (1  mm  =  13 
minutes  of  arc),  the  scale  being  somewhat  greater  than  that  used 
by  Dr.  Isaac  Roberts  of  England,  who  photographed  the  same 
object,  July  13,  1899,  with  a  20-inch  reflector,  giving  his  plate  an 
exposure  of  ninety  minutes.  The  scale  used  in  the  last  named 
negative  was  1  mm  to  twenty  seconds  of  arc.  The  reproduction 
of  the  Lick  negative  appears  to  be  better  than  that  secured  for 
the  other.  In  the  former  the  shading  of  the  bright  and  faint 
parts  of  the  nebula  and  the  rifts  in  it  are  shown  beautifiilly.  The 
star-like  points  scattered  all  through  the  nebula  come  out  in  this 
cut  with  surprising  distinctness.  If  these  images  were  good,  they 
are  bright  enough  and  sharp  enough  for  measures  for  relative  po- 
sition, a  most  important  point  for  the  study  of  the  drift  of  the 
nebula,  if  they  are  stars  independent  of  the  nebula ;  and  also  im- 
portant in  another  way  if  they  are  only  nebulous  knots  in  the 
vast,  rifted  masses  of  nebuljc  surrounding  them. 

Some  years  ago,  when  a  prominent  astronomer  was  giving 
some  attention  to  this  nebula,  he  suggested  that  the  position  of 
one  bright  star  in  the  edge  of  one  of  the  three  great  rifts  might 
be  chosen  as  a  reference  star,  for  the  purpose  of  determining 
■whether  or  not  this  particular  nebula  is  in  motion  with  reference 
to  the  stars.  Either  of  the  negatives  above  referred  to  must  give 
ample  opportunity  for  such  work  in  a  much  wider  range  than 
could  have  been  expected  by  finy  astronomer  a  few  3'ears  ago. 
This  is  due  to  the  progress  of  jihotogrjiphy  as  an  aid  in  mapping 
faint  objects  and  to  the  reflecting  telescope  as  an  instrument  es- 
pecially adapted  to  photogrjiph  such  celestijil  objects  in  a  way  to 
secure  a  variety  of  details  hitherto  unknown. 

Thi;  CrossU'v  reflector  of  the  Lick  Observatory  in  the  hands  of 
so  skillful  an  astronomer,  as  was  the  late  Professor  Keeler,  has 
drawn  general  attention  of  .American  astronomers  again  to  this 
kind  of  a  telescope  for  photographic  work.  For  common  astro- 
nomical work  Americans  have  generally  preferred  the  refracting 
telescope,  and  the  success  of  the  .American  refractor  for  most 
kinds  of  observation  has  probably  warranted  the  preference  of 
astronomers  on  this  side  of  the  si'a  for  the  refractor.  But  the  uii- 
e."cpccte<i  success  that  came  fmni  t\w  limited  usi.-  of  the  Cn)sslcy 
reflector  lit  photographing  <iit!i-.-iilt  ccli'Stial  objects,  will  certainly 
give  tlic  rcflcitor  a  new  .'irnl  !!::i'i>rlaiU  jilace  in  the  attention  «: 
astroniitiKTs  in  [!ic  wesi  wh  >  ;i.:v  to  devote  themselves  largely  t  i 
photoLfrnpiiic  work. 
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■  'PLANET  NOTES  FOR  NOTEMBER. 


Mercury  -will  be  at  inferior  conjunction  on  the  morning  of  Not.  20  and  will  be 
inviflifak  in  the  rays  of  the  Sun  except  for  the  first  few  days  of  the  month. 


ThB  CoNSTBLLATIONa  AT  9  P.  U.,  NoTEUBSR  1,  1900. 

Venus  rises  at  abont  three  o'clock  in  the  morning  and  passes  the  meridian  on 
Not.  1  at  g^*  If  a.  u.  local  time.  The  planet  is  bright  enoagh  to  be  seen  with 
the  naked  eje  at  any  time  during  the  forenoon,  if  one  knows  just  where  to  look. 
Venna  and  the  star  it  VirginiB  will  be  in  conjunction  Nor.  6  at  noon,  the  star  being 
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13'  south  of  the  planet.    The  Moon  and  Venus  will  be  in  conjunction  Not.  18  at 
7  p.  M.  Central  Standard  time,  Venus  then  being  nearlv  6°  north  of  the  Moon. 

Mara  will  be  near  the  meridian  Irom  6^  to  ?'■  in  the  morning  and  may  be 
identified  bj  earlj  risers  without  difficulty,  from  its  position  in  the  constellation 
Leo  and  its  ruddy  color,  contrasting  strongly  with  the  white  blue  light  of  Gega- 
Ins,  The  planet  will  move  sontheast  passing  Regulua  Nov.  17.  Mars  will  be  at 
quadrature,  90°  west  from  the  Snn,  on  the  morning  of  Not.  22. 

Jupiter,  Saturn  and  Vranus  may  still  be  seen  toward  the  southwest  very  early 
in  the  evening,  but  at  too  low  an  altitude  for  satisfactory  observation. 

Neptune  is  like  a  star  of  the  8th  magnitude  in  that  part  of  the  sky  where  the 
three  constellations  Taurus,  Gemini  and  Orion  meet.  Its  position  Nov.  15  is 
R.  A.  5»  54"  33' ;  Decl.  +  22°  12',  and  changes  Tery  little  during  the  month. 


Nov.    6  Full  Moon 4  41  p.  w 

13  Last  Quarter 11  39    " 

22  New  Moon 7  41  a.  sj 

29  First  Quarter 12  26  p.  » 


Timi 

limeatNorthfiirld; 
:  lam  ICH). 

51  A.    M. 

05  P.  M. 

59    " 

12 

27  A.  M. 

Occulta t ions  Visible  at  Washinffton. 

BMBKatON. 
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12 
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15 
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9 

34 
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30 
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30 

47 

5 

43 
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30 
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11 

01 

53 

12 

02 

260 
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Annular  Ecllpae  of  the  Sun — On  Nov.  21  at  19"  22"  49',0,  Greenwich 
Mean  time,  or  on  the  morning  of  Nov.  22,  Central  Standard  time,  the  Sun  and 
Moon  will  be  in  conjunction  and  there  will  be  an  annular  eclipse  of  the  Sun.  It 
will  be  visible  only  in  South  Africa  and  Australia  and  the  islands  in  the  vicinity  of 
these  countries.  The  following  chart  shows  the  path  of  the  annulus  and  the 
region  of  partial  eclipse.  As  there  is  no  hope  of  the  corona  being  visible,  but  lit- 
tle interest  attaches  to  this  eclipse. 
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Ni-w  I'taiii-toMl  liHH»  Fl^.-Ttiis  wi.-  .Ir-j  .v.'.f  i  :,y  Dr.  Woii  of  Hyiii.'l 
I'lTj;,  <lor[ii;(iiy.  xijmiii  ;i  |i!.iti'  i-spiised  Sept.  J'",  f' >r  -Ui;  j)tiri»usf  .it*  findiriK  tin- 
]ilanet  (+ilii)  [ISDn  C7(].  Ii  is  of  the  1+tli  m;n;nifJ<ii'  iiiil  its  position  was;  Sept. 
l'fi.,-3  R.  A.  22"  4ti"'.x :  IWl.  -  L>-  30'-     [ts  daily  motion  is  -  O'.B  and  -«'. 
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VARIABLE  STARS. 


J.  A.  PARKHUKar. 


Minima  of  the  Variable  Stars  of  the  Al][ol  Type. 

(Given  to  the  neartst  hour  ia  Gremwicb  Time). 
1900. 


B.  D.  +43'-3062 


Y  CYGNI. 
2P  =  2^  23''.9 


K.  CANIS  MAJ. 

p  =  1"  a^.a 


W  DELPHINI. 


NOTES  TO  THE  EPHEMERIS. 
The  times  for  Y  Cygni  are  taken  from  Duner'a  paper  in  No.  3633  of  the  Nech- 
richten;  for  the  restof  the  list  from  Hartwig'aephemerisin  theVierteljehrSschri/i. 
No  ephemeris  of  Long  Period  Variables  for  1901  is  yet  at  hand. 

MISCELLANEOUS  NOTES. 
PERIODS  OF  TWO  VARIABLES  DISCOVERED  AT  MOSCOW.-M.Blaiko, 
of  the  Moscow  Obserratory,  has  pubbshed  two  papers  in  No.  3665  of  the  Nach- 
richten  on  two  variable  stars  discovered  by  Madam  Ceraski  on  Blajko's  photo- 
graphs.   The  conclusions  ars  as  follows : 

Variable  in  Auriga,  5"  20-.1,  +  36°  49'  (1900). 
From  photographs  from  1895  to  1899  and  visoal  observations  in  1898, 1899 
and  1900,  M.  Blajko  deduces  a  period  of  0.75  of  a  year,  with  observed  maxima 
as  follows: 

(1).    March  or  April 1895 

(2).    December 1895 

<3).    December  2*. 1898 

(4).    September 1899 

The  star  seemed  to  be  at  maximum  at  the  time  of  writing,  June  21,  1900,  there- 
fore the  following  maximum  is  due  in  March,  1901.  See  Nos.  3529,  3553  of  the 
Naebricbten;  No.  457  of  the  Astroaomkal  Journal ;  the  Aatropbyskal  Jotanal 
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for  July,  1900,  page  54  (here  caUed  (1922)  ) ;  Popular  Astronomy  for  January, 
1899,  page  43,  Feb.  1899,  page  94,  October,  1900,  page  461. 

Variable  in  Cepheus,  21"  S'^.e  +:82'>  40'  (1900). 

From  photographs  taken  in  1896,  1897,  1898  and  1899,  and  \-iBuaI  observa- 
tions in  1898  and  1899,  M.  Blajko  deduces  a  ,'period  of  about  1.4  years,  with  a 
masimnm  in  1899  September  or  early  in  October.  See  No.  3512  of  the  Nacb- 
ricbien,  Hoa.  457,475  and  482  of  the  Astronomical  Joaraal;  Popular  Astron- 
omy VI,  532,  VII,  493  and  VIII,  461 ;  Astropbrskal  Journal  XH,  54  [here  caUed 
(7579)]. 

It  may  be  remarked  in  addition  to  M,  Blajko's  resnlts  that  this  variabk  per- 
haps enjoys  the  distinction  of  being  the  faintest  ever  observed,  at  then:" 
last  summer  the  photographic  magnitude  was  not  brighter  than  thellSth. 


ASTBROID  NOTES. 

Eptaemeris  of  Planetoid  (212)  Medea.— This  planet  was  observed  in 
1880, 1882, 1883, 1885, 1888  and  1888  and  was  photographed  in  1894,  but  the 
data  of  the  photographs  are  too  inexact  to  permit  of  their  use  in  determining  the 
orbit.  No  later  observations  arc  known.  Mr.  B.  Kudrfavzeff  gives  in  Astr. 
Nacb.  No.  3643,  the  following  approiimate  ephemeris  for  the  opposition  which 
occurs  during  this  month : 

1900  R.  A.  Ded.  log  A  Aberration. 

h      m        >  o  .  m       ■ 

Nov.  13  3    53    39  +  26    54.91  0.2487  14    43 

14  52    45  52.40  82  42 


3  53 

39 

+  26 

54.91 

52 

45 

52.40 

51 

50 

49.81 

50 

56 

47.14 

50 

02 

44.39 

49 

08 

41.56 

48 

14 

38.64 

47 

20 

35.64 

46 

26 

32.55 

45 

32 

29.38 

44 

39 

26.12 

43 

45 

22.78 

42 

51 

19.36 

41 

58 

15.86 

41 

05 

12.27 

40 

11 

08,60 

3  39 

18 

+  26 

04.84 

Elements  and  Epliemerle  of  Planetoid  (295)  ThereBla.— Dr. 
Berberich  in  Astr.  Nacb.  No.  3668  gives  new  elements  of  this  asteroid,  based  upon 
observations  made  at  five  oppositions  since  1890.  These  elements  represent  the 
observations  very  closely  indeed. 

Epoch        Ded.  10.0. 1900 

M=  8  35  38.2 
w  =  143  50  29.2) 
0  =  277  24  13.4}l900.0 
1=  2  40  22.2| 
*=  9  41  31.5 
M  =  758".6107 
log  a  =  0.4466584 
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Midn^fat. 

R.  A. 

Decl. 

1600 

h  m 

Not.  10 

4  59 

38 

+  25 

05.9 

12 

58 

18 

25 

03.6 

14 

56 

52 

25 

00.7 

16 

55 

21 

24 

57.2 

18 

53 

44 

53.4 

20 

52 

03 

49.2 

22 

50 

18 

44.4 

24 

48 

29 

39.3 

26 

46 

38 

33.9 

28 

44 

45 

28.2 

30 

42 

50 

22.3 

Dec.  2 

40 

54 

16.1 

4 

38 

58 

09.8 

6 

37 

03 

24 

03.3 

8 

35 

09 

23 

56.6 

10 

33 

17 

49.9 

12 

31 

28 

43.1 

14 

29 

42 

36.3 

16 

28 

01 

29.5 

18 

26 

24 

22.7 

20 

4  24 

51 

23 

15.9 

0.3677  0.1414 

Elements  of  the  Planetoid  <457)  Pariana.— In  Astr.  Nacb.  No.  3667 
Professor  G.  Boccardi  gives  the  following  elements  of  this  asteroid,  baaed  upon 
the  ofaoervationa  made  in  1892, 1894, 1898  and  1899: 

Epoch  and  Osculation,  Oct.  31.51900,  Berlin  M.  T, 
Af  =  226''    16'    42".77 
«=    83     25     28  .531 
n=    85      56      17   .34J19OO.O 
1=    11      42     01   .37) 
♦  =      9      34     30  .57 
(1  =  840".53887 
log  a  =  0.4169658 
The  opposition'for  this  year  occurred  Oct.  19.    The  following  portion  of  the 
ephemeris  by  Professor  Boccardi,  though  late,  may  yet  be  of  some  use : 

Berlin  Aberra- 

Midnight.      R.  A.  Decl.  log  A.  tion. 


r.  16 

1  15 

03.39 
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12.6 

0.32515 

17 
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29.58 

08 

10.3 

18 

13 

57.03 

05 

57.0 

19 

13 

25.77 

03 

33.0 

20 

12 

55.83 

00 

57.3 

0.33186 

21 

12 

27.22 

6 

5S 

11.1 

22 

11 

59.96 

6 

55 

143 

23 

11 

34.07 

6 

52 

06.8 

24 

1  11 

09.57 

-6 

48 

49.0 

0.33908 

OENBRAL  NOTES. 

Change  of  printing  offices  and  the  procuring  of  an  entirely  new  typograph- 
ical dress  for  this  publication  are  the  main  reasons  for  being  late  this  month. 
Some  of  the  supplies  which  were  ordered  from  distant  type  founders  have  not  yet 
reached  us.    We  hope  the  December  number  will  be  ready  for  mailing  nearly  on 
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The  Bulletin  of  Aetronoiny  (French)  for  September  has  two  full  page 
plates,  showing  results  in  attempts  to  photograph  Jupiter,  Saturn,  planetary 
nebuhe  in  Andromeda  and  Draco,  and  the  nebula  of  Orion. 

Full  Sets  of  the  Monthly  Notices  and  the  Memoirs  of  the  Boyal 
Astronomical  Society.  We  learn  with  interest,  that  Ambrose  Swa«ej,  of 
the  firm  of  Warner  &  Swasej,  Cleveland,  Ohio,  has  recently  secured  full  sets  of 
the  Moutblj  Notices  and  the  Memoirs  of  the  Rojal  Astronomical  Societyw)ucb 
he  found  last  year  while  in  London.  They  are  ol  course  valuable,  because  com- 
plete sets  are  now  scarce,  and  because  they  contain  not  only  a  history  ot  astron- 
omy, but  also  much  about  astronomical  instruments  that  have  been  devised  and 
used  since  1820,  (the  year  when  the  Royal  Astronomical  Society  was  founded); 
they  are  therefore  largely  useful  to  astronomers  and  instru meat-makers  as  well. 


New  Alleg'heny  Observatory.  October  20  was  the  time  set  for  the 
ceremonies  attending  the  laying  of  the  comer  stone  of  the  new  Allegheny  Obser- 
votory  at  Riverside  Park,  Allegheny,  Pa.  It  was  planned  that  the  ceremonies 
should  be  brief  and  of  the  simplest  character.  Later  some  account  of  them  will 
be  given  in  this  publication. 


The  November  Leonid  Meteors.— Although  observers  were  geiier«lly 
disappointed  last  November  on  account  of  the  small  shower  witnessed  at  the 
usual  time  of  the  Leonid  display,  they  are  preparing  for  a  careful  watch  for  this 

year.  The  mornings  of  the  14th,  15th  and  16th  of  this  month  are  the  times 
thought  of  as  most  probable  for  seeing  the  best  display.  Astronomers  are  not 
well  enough  ac<|uainted  with  this  meteor  stream  or  streams  to  predict  very  posi- 
tively about  the  return  of  its  densest  parts  in  the  long  period  of  33  years.  It 
was  confidently  expected  in  Novemlier  1899,  because  brilliant  showers  of  the 
Leonids  had  been  seen  in  1S33  and  in  1866.  It  is  possible  that  this  month  will 
give  a  rich  shower  from  this  stream.  Certainly  no  observer  of  meteors  will  let 
the  opportunity  pass  without  a  faithfiil  watch  on  the  mornings  above  Mentioned. 
Probably  the  morning  of  the  15th  is  as  promising  as  any.  The  same  drawback 
will  hinder  this  year  as  last,  viz.;  the  light  of  the  Moon  near  the  radiant  in 
Leo.  

Publication  No.  1  VaH^ar  College  Observatorj-.— The  first  of  the 
publications  of  Vassar  College  Observatory  has  been  received.  It  is  a  catalogue 
of  stars  within  one  degree  of  the  North  Pole,  and  a  study  of  the  optical  distor- 
tion of  the  Helsingfors  astro- photographic  telescope  deduced  from  photographic 
measures.  This  work  was  dune  by  Caroline  B.  Fumess,  assistant  in  the  Obser- 
vatory of  which  Mary  W.  Whitney  is  director. 

This  interesting  paper  was  submitted  by  Miss  Fumess  in  partial  fulfillment 
of  the  requirements  for  the  degree  of  Doctor  of  Philosophy  in  the  Faculty  of  Pure 
Science  at  Columbia  CoDege,  New  York  City. 

The  Vassar  College  Observatory  was  established  when  the  college  'was  first 
opened  in  1865,  its  purpose  being  for  instruction  rather  than  for  scientific  work 
for  publication.  Its  first  director,  Maria  Mitchell,  became  widely  known,  as  a 
discoverer  of  comets,  and  she  was  honored  by  being  the  redpient.of  a  medal  from 
the  king  of  Denmark  fur  the  discovery  of  a  comet  in  1S47.  "  FrofenoF  Mitchell 
published  a  series  of  observations  on  the  surface  features  of  Jupiter  andSatMra 
in  Silliiaaii's  Journal  and  the  Americaa  Journal  of  Scieace."     Since  1890  more 
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observational  work  ODtside  of  instruction  has  been  attempted,  attention  being 
given  mainlj  to  comets  and  the  minor  planets. 

The  position  of  this  Observatory  is : 

Latitude 41"    41'      18" 

Longitude 4''    55"     53'.6 

west  of  Greenwich,  which  was  determined  by  Professor  Mitchell  in  1872.  The  . 
longitude  was  determined  by  aid  of  telegraphic  signals  in  connection  with  Har- 
vard College  Observatory  in  1877. 

The  Observatory  is  provided  with  a  12.inch  equatorial  the  object-glass  of 
which  was  made  by  Fitz  of  New  York,  bat  recently  recut  by  Alvan  Clark  of 
Cambridgeport,  Mass.  The  re-moimting  of  the  telescope  was  done  by  Warner  & 
Swasey,  of  Cleveland,  Ohio,  in  1888. 

The  Gepsold  measuring  machine  by  which  the  work  of  the  paper  above  re- 
ferred to  was  done,  was  the  joint  gift  to  the  Observatory,  of  Miss  Catherine 
Bruce  and  Mr.  Frederick  Thompson. 

We  hope  soon  to  have  an  illustrated  paper  setting  out  fully  the  method  of 
work  used  by  Miss  Fumess  in  obtaining  the  results  to  which  reference  hafi  been 


Eros  at  Yerkea  Obnervatory  with  40-Xnch  Equatorial. 

Oct.      2    Evening,  Midnight  and  Morning. 

3  ...        Midnight    ... 

4  ...        Midnight 

8  Evening,  Midnight  and  Morning. 

9  Evening,         ...  ...  Morning. 

10  ...       Midnight 

11  Evening,  Midnight  and  Morning, 

14  Evening,        ...  ...  Morning. 

15  Evening, 

16  Evening,  Midnight  and  Morning. 

17  Evening,  Midnight  and  Morning. 

18  ...  ...  .,,  Morning, 

25  Evening,  Midnight  and  Morning. 

26  Evening,  Midnight  and  Morning. 

27  Evening 

30  ...  ...  ...   Morning. 

Nov.     1  Evening,        ...  ...  Morning. 

2  Evening.  Midnight  and  Morning. 

3  Evening,  Midnight  and  Morning. 

4  Evening,  Meridian  and  Morning. 

5  Evening.  Meridian    ... 

In  a  few  of  these  measures  it  has  been  necessary  to  use  stars  as  small  as  12^4"° 
or  13"°.    This  could  not  be  avoided  if  measures  were  made  nt  all  at  such  times. 

Since  Eros  has  become  bright,  it  is  seen  to  be  of  a  slightly  yellowish  color. 

A  power  of  700  diameters  is  used  when  possible,  failing  this,  460. 

Every  available  opportunity  has  been  used  to  secure  measures  of  Eros  since 
October  1 . 

On  every  night  that  measures  are  made,  the  difference  of  declination  of  Atlas 
and  Pleione  if  the  Pleiades  are  measured,  and  frequent  measures  of  the  difference 
of  declination  of  Blectra  and  Cela;no  are  also  made,  as  a  check  im  the  changes 
taking  place  in  the  great  telescope.  Of  Atlas  and  Pleione  about  180  nights' 
measures  have  been  made  since  the  erection  of  the  40-inch,  This  will  give  a 
thorough  check  on  any  changes  taking  place  in  the  great  object-glass  or  tube  and 
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The  '  Urionlda  of  1900,  Oct.  16,  IBOO  ( 12.50- 4. SO)  .—The  night 
of  Oct  18, 1900  at  9:00  was  clondy,  with  rain.  At  12:30,  however,  it  was  clear, 
except  for  slight  cloud  patches.    At  12:45  the  skj  was  clear.    There  was  no 


The  rORioNiD  Shower  op  Meteors. 
Moon  until  after  2:00.  Together  with  the  r  Orionids  there  were  some  shooting 
stars,  a  large  part  of  which  radiated  from  ^  Tanri,  and  a  region  between  i  and 
)I  Ononis.  Some  meteors,  Nos.  36,  42,  48,  68  (and  55)  seemed  to  be  from  a 
separate  radiant.  No.  33  instead  of  shooting  exactly  from  r  Ononis,  started  a 
littlelnorth  of  it.  There  were  two  Leonids,  a  good  sign  so  far  ahead  of  the  time 
of  the  shower  (Nov.  13).  Any  (r  Ononis)  of  this  shower  brighter  than  2d  mag- 
nitude had  slight  trails.  No.  4  was  a  little  brighter  than  Ist  magnitude,  bine  and 
left|a  trail.  No.  5  started  as  2ndmagnitude  and  suddenly  burst  into  a  (—3)rd  mag- 
nitude, green  meteor  of  striking  brightness.  No  sound  came.  It  also  left  a  trail. 
No.  9  left  a  white  trail.  At  2:14-16  there  were  four  faint  shooting  stars  in  Orion. 
One  curved  very  much.  Two  came  at  the  same  time.  Noa.  24,  26  kft  trails. 
No.  35  started  from  3  Tauri  and  was  very  broad,  of  0  magnitude.  It  was  a 
broad  streak.  A  large  part  of  the  meteors  now  were  swift.  Nos.  40,  48  and  49 
left  trails.  Nos.  50  and  51  were  very  swift.  At  4:50  observations  stopped.  The 
meteors  were  of  medium  speed,  having  trails  brighter  than  2nd  magnitude.  There 
were  17  shooting  stars  recorded  not  on  map.  5  unrecorded,  2  Leonids,  37  r  Orion- 
ids  and  6  uncertain ;  which  amount  to  68  in  all. 

The  V  Orionids  were  of  medium  speed,  usually  leaving  trails  or  strealca  of  a 
white  or  red  color.  They  came  one  in  every  5Va  minntes.  The  shower  was  not  a 
brilliant  one,  nor  were  there  many  meteors.    They  seemed  to  come  in  shoals,  at 
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one  time  there  was  an  interval  of  23  minates  without  one,  and  another  interval 
of  IS  minutes.  Viben  most  were  seen  was  between  2:50  and  3:35  when  there 
were  16.  There  were  a  very  large  number  of  shooting  stars.  All  that  were  re- 
corded (not  on  map)  were  within  the  region  of  Orion,  Gemini  and  Tanms. 

SOBBBT  U.  DOLB. 

91  Glen  Road,  Jamaica  Plain,  Mass. 

Obaervlntji'  Eroa  at  Waahbnm  Observatory.— Repljdng  to  joor  re- 
quest of  recent  date :  Observations  of  Eros  in  accordance  with  the  plan  proposed 
by  the  Paris  Conference  have  been  made  by  the  undersigned  with  the  40cm.  equa- 
torial of  the  Washburn  Observatory  on  every  dear  night  since  Sept.  29.  On 
twenty-one  nights  the  planet  has  been  compared  vrith  two  or  more  stars  and  on 
two  nights,  owing  to  unfavorable  conditions,  with  one  star  only.  In  every  case 
rectangidar  co-ordinates  have  been  measured  and  especial  care  has  been  given  to 
the  determination  of  instrumental  constants  which  can  affect  the  observations. 

University  of  Wisconsin,  Madison,  Wis.,  gec 

Nov.  6, 1900. 


Pertnrbatlona  of  the  Major  Axis  of  Eroa  by  the  Action  of 
Mara> — Prom  an  instructive  article  by  H.  N.  Russell  in  the  AstronomicaJJoarnal 
(No.  484)  the  following  summary  is  taken : 

(1),  It  has  been  shown  by  actual  computation  that  Le  Verrier's  method  of 
interpolation,  which  is  theoretically  capable  of  solving  any  case  of  general  per- 
turbations, will  solve  the  case  of  Mars  and  Eros  practically,  that  ia,  without  a 
prohibitive  amount  of  labor. 

(2).  It  has  been  found  that  the  "great  inequality,"  of  period  about  1000 
years,  will  not  affect  the  place  of  Eros  sensibly  during  the  next  dozen  years,  after 
'which  time  it  may  be  approximately  determined. 

(3).  The  perturbations  of  moderately  long  period  are  much  the  largest  pro- 
duced by  Mars  on  any  planet.  Thej  may  displace  Eros  by  90"  in  mean  longi- 
.tude;  and  since  at  a  perihelion-opposition  any  change  in  the  mean  longitude  of 
Eros  produces  one  ten  times  as  great  in  its  geocentric  longitude,  the  measurement 
ol  this  displacement  will  eventually  lead  to  a  valuable  determination  of  the  mass 
of  Mars. 


Knowledge  Diary  and  Scientific  Handbook  ia  intended  to  form  an 

aid  to  the  labors  of  scientific  workers  in  all  branches,  notably  in  astronomy,  and 
is  issued  in  conjunction  with  Knowledge.  It  is  designed  to  meet  a  well-marked 
want,  now  that  the  circles  of  students  in  every  branch  of  scientific  work  are  so 
extensive,  and  the  need  of  an  authoritative  record  so  much  felt. 

Although  the  scope  of  the  work  is  mainly  astronomical,  it  is  not  intended  to 
confine  its  usefulness  entirety  to  that  science,  and  the  diary  portion  of  the  book  is 
of  course  available  for  every  description  of  record  and  observation  iwork. 

The  new  handbook  will  make  its  appearance  with  the  beginning  of  the  new 
century,  and  will  contain  a  retrospect  of  the  remarkable  advances  which  Science 
has  made  in  the  course  of  the  Nineteenth  Century. 

Other.points  of  the  contents  will  be  twelve  star  maps  showing  the  night  sky 
for  erey  month  of  the  year,  with  appropriate  descriptive  matter;  a  calendar  of 
notable  events ;  the  hundred  brightest  stars  and  a  monthly  astronomical  ephem- 
eris.  Under  these  and  other  important  subdivisions  of  the  work,  will  appear 
original  essays  to  make  the  work  generally  useful. 
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Meeting;  of  Astronomers  at  Buffialo.— A  correspondent  suggests  the 
possibility  of  a  convention  of  astronomers  to  be  held  in  connection  with  the  Pan- 
American  Exposition  which  is  to  be  in  the  city  of  Buffalo,  N.  Y.,  May  1  to  Not. 
1, 1900,  It  is  possible  that  such  a  meeting  could  be  secured,  if  the  matter  were 
planned  for  soon.  We  would  gladly  receive  suggestions  from  our  readers  who 
are  interested  in  such  a 


Profesaor  W.  H.  Wilson  at  Woi>ster,  Ohio.— Our  readers  will  be  in- 
terested to  learn  that  Professor  W.  H.  Wilson,  who  has  been  connected  for  some 
time  with  Geneva  College,  at  Beaver  Palls.  Pa.,  has  accepted  the  position  of  Pro- 
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his  work  in  the  new  position. 
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well  as  the  mathematics  during  Dr.  Kirkwood's  illness. 
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THE  ORBIT  OF  THE  LEONID  METEOKS. 


During  the  last  year  and  a  half,  some  astronomers  have  ex- 
pressed opinions,  with  more  or  less  assurance,  that  the  path  of 
the  Leonid  stream  of  meteors  has  been  so  changed,  that  we  maj- 
no  longer  hope  for  such  grand  showers  as  were  seen  in  1866  and 
notably  in  1833.  Particular  attention  w£is  called  to  this  possi- 
bility and  even  probability,  by  a  paper  presented  before  the  Royal 
Astronomical  Society,  March  2,  1899,  by  G.  Johnstone  Stoney 
and  A.  M.  W.  Downing,  an  abstract  of  which  was  printed  in  The 
Observatory,  for  May,  1899.  In  that  paper  it  was  said  that 
Professor  J.  C.  Adams'  object  in  investigating  the  Leonid  orbit 
was  to  determine  the  shift  of  the  nodes  of  the  orbit  due  to  the 
disturbances  by  the  planets  and  to  compare  the  calculated 
amount  with  that  obtained  by  Professor  H.  A.  Newton,  of  Yale 
College,  from  a  study,  which  he  had  made,  of  observations  at  in- 
tervals during  the  last  thousand  years.  Professor  Adams,  of 
England,  gave  attention  to  this  interesting  piece  of  mathemati- 
cal work  about  30  years  ago,  using  what  is  known  as  the  method 
by  Gauss  for  computing  perturbations.  Mathematicians  esteem 
it  a  method  of  pieat  elegance,  because  it  "furnishes  the  average 
amount  of  each  perturbation  on  the  supposition  that  the  periodic 
times  of  the  disturbed  body  and  the  disturbing  planet  are  incom- 
mensurable, so  that  in  the  course  of  time,  the  two  bodies  present 
themselves  in  every  possible  position  in  relation  to  one  another." 
It  will  readily  be  seen  that  these  conditions  could  be  only  imper- 
fectly fulfilled  in  the  short  period  of  1000  years  from  which  time 
all  available  observations  were  secured,  and  so  results  obtained 
from  the  most  excellent  of  methods  would  be  incomplete  for  ob- 
vious reasons. 

The  three  planetswhich  influenced  the  path  of  the  Leonids  most 
during  the  last  period  of  revolution  of  the  stream  were  Jupiter, 
Saturn  and  Uranus.  If  we  remember  that  14  revolutions  of 
Jupiter  equal  5  revolutions  of  the  Leonids  within  about  one-fifth 
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of  a  year ;  that  2  revolutions  of  Uranus  equal  the  same  time 
within  two  years,  and  that  9  revolutions  of  Saturn  equal  8  of 
the  Leonids  within  a  fraction  of  a  year,  it  will  be  easy  for  any 
reader  to  understand  how  the  attraction  of  these  great  planets 
when  near  the  thickest  part  of  the  stream  will  certainly  change 
its  course. 

Now,  since  these  cycles  of  planetary  attraction  have  been  sev- 
eral times  repeated  during  the  1,000  years  already  referred  to,  it 
is  known  that  the  points  of  intersection  of  the  Earth's  orbit  with 
that  of  the  Leonids  has  oscillated  about  a  mean  value  of  the 
advance  of  the  node,  so  that  predictions  of  shoiwers  dependent 
on  this  mean  motion  have  usually  varied  several  hours  from  the 
times  of  their  actual  occurrence.  In  the  article  referred  to,  one 
instance  is  mentioned  in  which  the  computed  time  was  twenty- 
six  hours  later  than  the  appearance  of  the  shower.  This  occurred 
in  the  year  A.  D.  1533.  Some  cqmputations  for  the  present  cen- 
tury have  furnished  results  showing  as  great  a  difference  between 
the  forecast  and  the  actual  shower,  as  in  this  instance,  but,  in 
the  opposite  direction. 

From  these  and  other  facts  like  them  it  must  be  evident  that 
the  problem  of  determining  the  exact  position  of  the  orbit  of  the 
Leonids  for  any  date  is  a  very  diificult  one.  Astronomers  are 
fiilly  aware  of  this,  and  they  have  given  earnest  attention  to  its 
study  for  some  years  past,  and  they  are  still  at  work  on  the  de- 
tails of  the  problem  which  seem  almost  endless  in  kind  and  vari- 
ety. 

It  may  be  instructive  to  the  ordinary  reader  to  have  a  few 
more  points  in  outline  to  get  a  ftiUer  view  of  the  nature  and  ex- 
tent of  the  problem.  In  order  to  predict  the  coming  of  a  great 
Leonid  shower  satisfactorily,  it  will  be  necessary  to  know  the 
actual  amount  of  the  perturbations  in  each  revolution  of  the 
swarm  of  meteors,  and  also  for  meteors  occupying  various  sta- 
tions along  the  path  of  the  stream,  so  as  to  determine  its  course 
in  space  as  definitely  as  possible.  The  dense  part  of  the  stream  is 
called  the  ortho-stream,  which  means  the  great  body  of  the 
Leonids  travelling  around  the  Sun,  in  nearly  a  compact  s^arm  of 
such  length  that  it  requires  about  three  years  for  the  ^i'hole  train 
to  pass  the  point  of  intersection  which  the  Leonid  orbit  makes 
with  that  of  the  Earth ;  but  on  account  of  the  incUnation  of  the 
two  orbits  the  time  that  is  required  for  the  Earth  to  pass 
through  the  ortho-stream  each  year  is  only  five  or  six  hours. 
There  are  also  other  Leonid  meteors  that  have  fallen  behind,  or 
are  in  advance  of  the  parent  stream,  so  that  all  parts  of  the 
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great  orbit  are  probably  more  or  less  occupied  by  astray  mem- 
bers of  the  groap.  This  stream  which  is  wider  and  less  dense 
than  the  other  is  called  the  clino-streara.  The  clino-Leonids  are 
comparatively  few  and  are  seen  at  the  usual  time  in  November 
every  year.  The  ortho-orbit  is  the  mean  path  of  the  ortho- 
stream,  and  the  clino-orbit  which  is  obtained  by  the  study  of 
clino-Leonids  every  year  is  the  mean  path  of  this  diffuse  clino- 
stream.  The  clino-Leonids  are  so  scattered  that  they  produce 
only  feeble  Leonid  showers  every  year,  but  they  last  for  several 
days,  instead  of  a  few  hours  as  is  true  of  the  great  ortho- 
showers.  In  consequence  of  irregularities  in  the  stream  of  the 
ortho-Leonids  the  ortho-orbit  does  not  generally  cross  the 
Earth's  orbit  at  points  in  successive  periods  which  show  a  regu- 
lar progressive  change  of  node,  but  irregular  ones  as  before  in- 
dicated. Add  to  this  the  uncertainty  and  lack  of  agreement  of 
the  mean  of  the  clino-paths  of  the  clino-Leonids,  and  the  won- 
der is  that  astronomers  can  do  scarcely  anything  at  all  in  secur- 
ing what  may  be  called  a  definitive  orbit  of  the  Leonids,  much 
less  determine  well  the  dates  of  great  showers  that  last  6  hours 
at  intervals  of  33  years. 

But  these  and  other  great  difficulties  which  appear  in  calculat- 
ing the  perturbations  of  the  planets  do  not  discourage  the  pa- 
tient astronomer.  His  work  goes  on,  though  he  does  not  expect 
the  end  of  it  for  centuries ;  he  will  still  earnestly  seek  the  best 
knowledge  he  can  get  from  time  to  time  as  the  years  go  on, 
waiting  for  better  and  fuller  knowledge  when  it  can  be  secured 
by  the  aid  of  more  exact  and  more  comprehensive  data. 

The  work  in  hand  at  the  present  time  toward  getting  ar  better 
knowledge  of  the  path  of  the  Leonids  is  largely  concerned  in  a 
study  of  perturbations.  This  has  been  undertaken  by  computing 
the  actual  perturbations  of  a  definite  part  of  the  ortho-stream 
over  the  whole  of  one  revolution  in  the  orbit  as  computed  by 
Professor  Adams,  of  Cambridge,  England,  in  November,  1866, 
until  January,  1900,  when  the  same  part  of  the  stream  would 
again  reach  the  Earth's  orbit.  Two  things  aid  us  now,  prob- 
ably, which  were  not  taken  into  the  account  when  Adams  com- 
puted the  orbit  a  third  of  a  century  ago.  One  is  the  aid  of  pho- 
tography in  determining  the  radiant,  and  the  other  is  the  infiu- 
ence  of  the  Earth  in  deflecting  the  meteors  that  are  observed. 

The  aid  that  photography  can  give  under  favorable  circum- 
stances must  be  considerable,  although  it  must  be  confessed  that 
very  little  assistance  was  gained  from  this  source  in  1899,  be- 
cause of  moonlight  chiefly ;  and  so  far  as  we  have  heard,  the  same 
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is  true  this  year.  Not  a  single  meteor  trail  was  caught  in  the  re- 
gion of  the  radiant  on  the  plates  exposed  at  Goodsell  Observa- 
tory on  the  morhing  of  November  15  between  the  hours  of  3  and  5. 
From  these  facts  it  will  be  seen  readily,  that  the  Adams  orbit 
can  only  be  considered  as  an  approximate  one,  and  hence  present 
and  fiiture  work  on  this  problem  must  so  use  it. 

The  authors,  whose  names  are  mentioned  at  the  beginning  of 
this  article,  have  published  a  brief  paper  in  Nature,  Nov.  1,  1900, 
indicating  some  interesting  results  in  regard  to  the  probability 
of  a  Leonid  display  in  November,  1900.  It  will  interest  our  read- 
ers to  compare  the  probable  conclusions  reached  by  G.  Johnstone 
Stoney  and  A.  M.  W,  Downing  with  the  observations  of  the  Leo- 
nids made  last  month.  The  article  is  titled  "The  Leonids — a 
Forecast"  and  is  as  follows: 

"In  the  Proceedings  of  the  Royal  SocietyforMarch2,1899(vol. 
Ixiv.  p.  403),  will  be  found  an  account  of  the  perturbations  suf- 
fered since  1866,  November  13,  by  the  Leonids  which  in  that 
month  intersected  or  passed  close  to  the  Earth's  orbit.  This  po- 
sition in  the  meteor  stream  may  be  called  station  A  (Fig.  1). 

We  have  since  investigated  the  principal  perturbations  aflfecting 
two  other  points  in  the  stream,  viz.,  the  station  z,  which  inter- 
sected the  Earth's  orbit  360  days  earlier,  i.  e.  in  November,  1865, 
and  the  station  B,  which  in- 
tersected the  Earth's  orbit  360 
days  later,  /.  e.  in  November, 
1867. 

We  therefore  now  know  the 
principal  perturbations  which 
during  the  last  revolution  of 
the  meteors  have  affected 
three  points,  z,  A  and  B,  situ- 
ated along  an  orbit  (Adams's 
orbit)  which,  at  the  commence- 
ment of  the  revolution,  lay 
within  the  stream. 

The  fiiU  results  of  the  inves- 
tigation will  not  be  ready  for 
publication  till  after  the  time 
when  the  Leonid  shower  of  this  year  is  due,  and  on  this  account 
it  has  been  thought  expedient  to  publish  beforehand  such  of  the 
results  as  have  special  reference  to  it. 

A  point  in  the  stream  which  in  1867  lay  along  Adams's  orbit 
between  A  and  B,  but  nearer  B,  and  which  we  may  call  the  point 
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6,  will  this  year  reach  its  descending  node  simaltanednsly  with 
the  Earth.  This  will  happen  approximately  on  1900,  November, 
15*  3"  Greenwich  mean  astronomical  time. 

Unfortunately,  the  or- 
bit of  a  meteor  situated 
near  point  b  in  the 
stream,  instead  of  inter- 
secting the  Earth's  orbit  Th^poirUb-/' /  ,-„„^^^  ^.. 
as  It  did  in  1867,    will  -^    '' 


now  pierce  the  plane  of  //  loOoaooMO^ 

the  echptic    m   a  pomt  // 

which  lie.   about  0.018  C^  .  ..  SOO.OOO  JUUes 

nearer  the  Sun.  Now, 
0.018  of  the  Earth's 
mean  distance  from  the  Earths  TmUf 

Sun  is  1,674,000  miles;  ''«=^>- 

so  that,  of  the  meteors  which  in  1867  intersected  the  Earth's 
orbit,  those  which  will  come  nearest  to  the  Earth  in  the  pres- 
ent year  will  not  approach  it  nearer  than  a  million  and  six  hun- 
dred thousand  miles. 

It  is  known  from  the  duration  of  the  great  showers  that  the 
■width  of  the  ortho-stream,  if  measured  in  the  direction  which  is 
parallel  to  the  Earth's  path,  is  only  about  300,000  miles;  but 
there  is  reason  to  believe  that  the  Leonids  entered  the  solar  sys- 
tem under  conditions  which  have  made  the  section  of  the  stream 
much  longer  than  it  is  broad,  so  that  its  trace  upon  the  plane  of 
the  ecliptic  is  something  like  what  is  represented  in  Fig.  2.  The 
longer  axis  of  this  cross  section  lay  originally  along  the  radius 
vector  from  the  Sun,  but  perturbations  have  acted  on  the  Leonids 
for  nearly  1,800  years  of  such  a  kind  as  have  probably  caused  the 
section  of  the  stream  to  incline  in  the  direction  represented  in  the 
figure. 

If  the  section  is  long  enough  to  reach  the  Earth's  orbit,  we 
shall  have  a  great  meteoric  shower  this  year.  It  is,  besides,  just 
possible  that  a  sinuosity  in  the  stream  may  so  displace  a  part  of 
the  section  as  to  bring  it  sufficiently  far  out.  But  neither  of 
these  seem  likely  to  have  happened ;  so  that  the  present  investi- 
gation does  not  raise  any  hope  of  a  great  shower  this  year. 

If,  contrary  to  our  expectation,  the  axis  major  of  the  section 
proves  to  be  long  enough  to  reach  the  Earth's  orbit,  the  conse- 
quent shower  of  ortho-Leonids  is  likely  to  occur  several  hours — 
possibly  more  than  a  whole  day — earlier  than 
1900,  November,  15*  3* 
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The  number  of  hours  by  which  it  will  precede  that  epoch  depends 
upon  the  angle  which  the  axis  major  of  the  section  makes  with 
the  radius  vector  from  the  Sun— an  angle  which  is  at  present  un- 
known. If  there  is  this  year  a  shower  of  ortho-Leonids,  the 
time  at  which  it  occurs  will  enable  us  to  determine  this  import- 
ant datum. 

Station  a  in  the  stream  (see  Fig,  1)  intersected  the  Earth's 
orbit  in  1866,  but  after  completing  a  revolution  it  passed  the 
Earth  in  November  of  last  year  at  a  distance  of  some  1,300,000 
miles ;  and  z,  the  corresponding,  point  for  the  preceding  year, 
which  also  intersected  the  Earth's  orbit  in  1865,  was  on  its  re- 
turn distant  from  the  Earth  in  November  1898  by  about  960,000 
miles.  It  thus  appears  that  the  displacements  of  the  meteoric 
orbits  which  have  been  brought  about  by  the  perturbations  of 
the  last  thirty-three  years  suffice  to  have  prevented  the  meteoric 
orbit  from  now  intersecting  the  Earth's  orbit.  This  accounts 
for  our  not  having  had  any  great  shower  in  either  of  the  last 
two  years,  and  unfortunately  the  conditions  seem  still  more  un- 
favorable in  the  present  year. 

Nevertheless,  as  there  is  always  a  possibility  that  one  or  the 
other  of  the  contingencies  mentioned  above  may  carry  a  part 
of  the  ortho-stream  out  as  far  as  the  Earth,  and  as  we  have  no 
meajis  of  ascertaining  whether  those  contingencies  have  arisen, 
it  is  desirable  that  preparation  shall  be  made  for  adequately 
observing  the  shower,  if  it  should  unexpectedly  come. 

The  perturbations  during  the  last  revolution  which  have  for 
the  present  carried  the  ortho-stream  of  Leonids  so  far  from  the 
Earth's  orbit,  belong  to  the  class  of  perturbations  wrhich  act  at 
different  times  with  equal  effect  in  opposite  directions ;  so  that 
there  is  reasonable  ground  for  expecting  that  ftirther  perturba- 
tions must  at  some  ftitnre  time  bring  this  remarkable  stream 
back  to  the  Earth's  orbit.  It  would  be  possible  to  ascertain 
when  this  will  happen,  by  an  investigation  carried  over  a  suffi- 
cient time  forward  upon  the  same  lines  as  those  which  we  have 
pursued," 

NOTE  ON  THE  DOUBLE  STAR,  p   107. 

S.  W.  BURNHAM. 
For  Populab  AaTHONUuy. 

In  Popular  Astronomy  for  January,  1899, 1  called  attention 
to  the  decided  discrepancy  in  the  positions  of  this  and  other  stars 
in  the  field  as  compared  with  the  positions  given  in  the  D.  M.,  and 
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gave  diagrams  from  recent  micrometer  measures,  and  from  the 
meridian  pla^KS  in  Argelander  showing  the  relative  positions  of 
the  several  stars  according  to  these  authorities.  From  this  it  ap- 
peared to  be  impossible  to  identify  with  absolute  certainty  the 
stars  in  the  one  with  those  of  the  other.  In  A.  N.  3652  Kreutz 
has  a  note  upon  this  subject,  and  has  given  the  positions  in  right 
ascension  and  declination  from  my  measure  in  1898,  and  com- 
pared them  with  the  corresponding  positions  of  the  D.  M.  At 
first  glance  it  would  appear  that  the  two  sets  of  places  of  four 
of  these  stars  were  after  all  practically  identical,  with  one  star 
wanting  altogether.  The  fact  is,  however,  that  these  places  give 
exactly  what  was  much  better  shown  for  the  purpose  of  compari- 
son in  the  diagrams  referred  to,  and  the  apparent  change  in  some 
of  these  stars  still  remains  unaccounted  for,  and  particularly  the 
stars  designated  in  mj-  measures  as  D  and  F. 

I  have  suggested  in  view  of  the  general  accuracy  of  the  D.  M. 
positions  that  this  change  might  be  due  to  a  considerable  proper 
motion  of  some  one  or  more  of  these  stars,  and  therefore  con- 
nected them  by  a  series  of  measures  with  the  double  star  A.  At 
my  request  Barnard  repeated  these  measures  in  1899,  and  I  have 
re-observed  them  this  year. 
These  results  are  as  follows : 

^and  C 

46".95  2n  § 

46   .S3  2a  Bar 

46  .78  2n  p 

.4  and  D 

50".27  2n  (S 

50  .30  2n  .  Bar 

SO  .32  2ii  ;3 

A  and  E 

113".78  In  p 

113  .48  2n  Bar 

113  .55  2d  P 

A&nAF 

150".44  In  P 

ISO  .32  2n  Bar 

150  .49  2n  p 

Although  the  interval  is  too  short  for  the  detection  of  a  small 
movement  in  space,  tlie  close  agreement  of  all  the  measures  makes 
it  extremely  probable,  if  not  certain,  that  the  discrepancy  in 
■question  cannot  be  explained  by  the  proper  motion  of  any  one  of 
these  stars,  and  that  the  apparent  change  of  the  star  D,  which 


1898.73 

336''.2 

1899.82 

336  .7 

1900.71 

336  .7 

1898.73 

146°.6 

1899.82 

146  .6 

1900.71 

146  .6 

1898.76 

171°.2 

1899.S2 

171  .0 

1900.71 

170  .9 

1898.76 

113°.9 

1899.82 

U3  .8 

1900.71 

113  .9 
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appears  to  be  No.  96  ot  the  D.  M.,  is  due  to  errors  in  the  meri- 
dian observations.  All  of  these  stars  are  wanting  in  the  A.  G. 
Catalogue,  and  are  not  included  in  any  other  star  catalogue  so 
far  as  I  have  been  able  to  find. 

It  is  very  probable,  as  suggested  by  Kreutz,  that  the  double  star 
A  is  identical  with  No.  94  of  the  D.  M.,  and  this  is  confirmed  by 
the  comparison  I  have  made  of  A  with  a  south-preceding  star. 
No.  85  of  the  D.  M.  The  catalogue  difference  of  declination 
agrees  with  that  shown  by  recent  measures,  and  the  same  is  true 
of  E  and  No.  97.  It  is  therefore  safe  to  say  that  the  stars,  A,  C, 
D  and  E  are  respectively  Nos.  94,  93,  96  and  95  of  Argelander. 
Further  measures  are  necessary  to  show  the  character  of  the 
change  in  AS. 

The  40-inch  shows  that  the  star  E  has  a  16°.  companion  8".61 
distant  in  the  position-angle  of  139''.1. 


THE  PBOPER  MOTION  OP  p  182. 

S.  W.  BURNHAM. 

To  this  close  pair  has  been  assigned  a  somewhat*remarkable 
proper  motion  for  a  star  which  is  fainter  than  eighth'magnitude. 
The  several  determinations  of  this  movement  are : 

Romberg 1".297  in  200°.4 

Radcliffe 1  .331  in  202  .4 

Porter 1  .302  in  201  .2 

The  last  named  value  is  probably  the  most  accurate  since'the 
interval  is  considerably  longer.  It  is  catalogued  as  Wesse  XXIII 
175  and  S.  D.  (14°)  6437.    In  the  latter  it  is  rated  8.2". 

In  order  to  test  the  correctness  of  this  movement  by  a  method 
independent  of  meridian  observations,  I  measured  in  1898  a 
12.5  star  from  the  close  pair  "with  the  Yerkes  refractor.  This'was 
the  nearest  star  which  could  be  readily  measured  with  that  aper- 
ture. I  have  recently  re-measured  this  star,  and  these  observa- 
tions, with  an  intermediate  set  of  measures  by  Barnard,  arenas 
follows : 

1898.66  TQ^.Q  68".04  2a 

1899.75  78  .5  68  .66  3n 

1900.72  77  .5  69  .55  3n 


.y  Google 


Among  the  Stars.  531 


It  will  be  seen  that  the  change  in  the  position  of  the  small  star 
corresponds  to  the  proper  motion  of  the  close  pair.  With  the 
proper  motion  given  in  the  Cincinnati  Catalogue  and  the  first  set 
of  measures  in  1898,  the  computed  position  of  small  star  for 
1900.72  is  78°.0 :  69".47,  which  is  practically  identical  with  the 
observed  place  from  l3ie  micrometrical  observations. 

The  principal  star  is  a  close  pair  of  nearly  equal  components, 
the  present  distance  being  about  0",7.  The  observations  indi- 
cate very  slow  retrograde  motion  in  angle,  with  some  diminution 
in  the  distance.  Of  the  physical  relation  of  the  components 
there  is  no  question,  but  the  period  is  probably  long.  The  facts 
cited  suggest  the  comparative  nearness  of  the  system,  and  indi- 
cate that  it  may  be  a  good  subject  for  parallax  observations. 


AMONG  THE  STABS. 

EDWARD  S.  HOLDEN. 


The  achievements  of  astronomy  during  the  nineteenth  century 
have  been  little  short  of  marvelous.  Not  only  have  the  classic 
methods  of  research  been  expanded  and  developed,  but  in  the  lat- 
ter half  of  the  century  new  instruments  of  unexpected  power 
have  been  perfected  and  results  obtained  by  their  use  in  fields 
utterly  closed  to  the  astronomers  of  a  hundred  years  ago. 

Mathematical  analysis  reached  a  high  state  of  perfection  in  the 
researches  of  Laplace  and  Lagrange  at  the  century's  beginning ; 
the  labors  of  profound  analyists  like  Gauss,  Adams,  Le  Verrier, 
Gylden,  Hill,  Newcomb  and  many  others  have  placed  mathemati- 
cal astronomy  on  an  entirely  new  footing. 

It  is  impossible  in  a  popular  paper  to  give  any  account  of  the 
triumphs  of  mathematicians.  It  must  suffice  to  say  that  the  ad- 
vances in  the  theory  of  the  motions  of  the  heavenly  bodies  are  as 
important  and  far  reaching  as  the  results  obtained  by  the  spec- 
troscope, the  photometer  and  the  photographic  plate.  One  sig- 
nal result  stands  out  as  a  brilliant  type  of  the  power  of  analysis. 

The  planet  Neptune  was  discovered  with  the  telescope  in  1846 
in  consequence  of  laborious  calculations  by  Le  Verrier,  {and 
Adams)  upon  the  materials  of  the  planet  Uranus.  Uranus  had 
been  discovered  by  chance  by  Sir  William  Herschel  in  1781.  A 
body  of  unusual  appearance  was  seen  in  his  telescope.  Examina- 
tion showed  that  it  was  a  major  planet  revolving  about  the  Sun 
in  eighty-four  years.    Careful  observations  gave  the  shape  and 


.y  Google 


532  Among  the  Stars. 


size  of  its  orbit.  Calculations  of  the  perturbing  forces  exerted  by 
the  other  known  major  planets — Mercury,  Venus,  the  Earth, 
Mars,  Jupiter,  Saturn — showed  that  its  course  in  space  would  be 
along  a  certain  line  if  these  planets,  and  only  these,  afiected  its 
motion. 

Renewed  observations  showed  very  slight,  yet  obvious,  devia- 
tions from  the  predicted  course.  It  occurred  to  several  astrono- 
mers— to  Arago,  Bessel,  Strove,  Le  Verrier,  Adams — that  these 
deviations  were  produced  by  the  attraction  of  a  major  planet  as 
yet  unknown.  Sir  John  Herschel  wrote  of  the  new  planet  a  few 
weeks  before  its  discovery  in  memorable  words;  "We  see  it  as 
Columbus  saw  America  from  the  shores  of  Spain.  Its  movements 
have  been  felt  trembling  along  the  far-reaching  hne  of  our  analy- 
sis with  a  certainty  hardly  inferior  to  ocular  demonstration." 
The  extraordinarily  complex  problem  of  inverse  perturbations 
was  worked  out  by  Le  Verrier  and  by  Adams  and  the  place  where 
the  new  planet  would  be  found  was  foretold.  When  the  telescope 
was  directed  to  the  predicted  place  the  unknown  planet  was 
there ;  the  mathematician,  in  his  study,  had  directed  the  obser- 
ver's telescope.  Other  achievements  of  the  same  order  of  merit, 
though  far  less  striking,  have  distinguished  the  present  century. 

In  the  mathematical  processes  relating  to  spherical  and  to 
practical  astronomy,  also,  this  century  has  made  its  mark  in 
history.  Bessel,  Struve  and  their  successors  in  Europe  and  in 
America  have  reconstructed  these  branches  of  the  science  from 
the  foundations.  Every  pupil  in  our  colleges  is  now  familiar 
with  the  highest  refinements  of  observation  and  calculation ;  and 
the  principles  of  instrument-making  have  been  carried  well  nigh 
to  perfection. 

In  some  departments  the  instruments  furnished  are  so  perfect 
that  the  outstanding  errors  of  observation  are  due  chieSy  to  the 
human  being  who  uses  the  apparatus,  not  to  the  apparatus  it- 
self. The  distances  of  the  Sun  and  many  of  the  stars  have  been 
fixed  with  exactness.  Telescopes  are  now  made  of  great  size  and 
power.  In  1824  Sir  John  Herschel  became  possessed  of  a  very 
good  refractor  of  five  inches  aperture,  then  the  largest  of  its  kind 
in  the  world.  An  instrument  of  equal  power  is  nowr  attached 
alongside  the  thirty-six  inch  telescope  of  the  Lick  Observatory  to 
serve  as  a  mere  finder— like  the  sights  of  a  rifle — to  direct  the 
giant  tube  of  the  main  instrument. 

Reflecting  telescopes  too,  have  been  much  improved,  though 
not  greatly  increased  in  size,  since  the  days  of  the  elder  Herschel. 
Well-equipped  observatories  are  now  scattered  all  over  the  earth. 
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The  heavens  are  assiduously  watched  by  professionals  and  by 
amateurs  in  all  the  length  and  breadth  of  the  globe,  and  no 
change  of  importance  can  take  place  without  being  detected — 
perhaps  by  photography— and  reported  by  the  electric  telegraph 
to  every  interested  watcher  in  all  the  continents. 

The  advent  of  photography  as  the  handmaid  of  astronomy 
marks  a  distinct  advance  in  the  processes  of  observation.  The 
sensitive  plate  partially  records  all  rays  of  light  that  fall  upon 
its  surface.  Such  a  plate  directed  at  the  heavens  shows  thous- 
ands upon  thousands  of  stars,  each  registered  in  its  proper  po- 
sition and  of  its  proper  brightness,  A  second  plate  taken  upon 
a  succeeding  night  records  all  changes,  either  of  position  or  of 
brilliancy.  It  is  in  this  way  that  new  minor  planets  are  dis- 
covered {by  their  change  of  position),  new  variable  stars  detected 
(by  their  change  of  brilliancy).  Maps  of  the  whole  sky  are  now 
made  by  photography  and  they  record  mtlHons  upon  millions  of 
stars.  The  inventoty  of  the  stellar  universe  will  soon  be  com- 
pleted, a  magnificent  gift  of  this  century  to  the  next. 

Photography  has  proved  to  be  of  immense  importance  in  the 
study  of  the  Moon.  A  satisfactory  picture  of  the  full  Moon  can 
be  made  in  less  than  a  second  of  time  which  will  show  more 
than  is  contained  in  the  best  lunar  maps  that  required  a  lifetime 
to  construct  by  the  old  methods.  The  study  of  the  solar  corona 
would  have  been  impossible  vrithout  the  photographic  plate. 

The  mysterious  world  of  the  nebula;,  too,  is  depicted  by  means 
of  photography  ^vith  extraordinary  faithfulness,  the  work  of 
years  of  observation  being  compressed  into  hours.  Up  to  this 
time  little  success  has  been  attained,  however,  in  the  study  of 
planetary  features  by  photography,  and  the  old  methods  of 
telescopic  examination  and  pictorial  representation  by  drawing 
are  still  employed.  It  is  partly  for  this  reason  that  so  much  re- 
mained doubtful  in  the  accounts  of  the  surface  details  of  Mars, 
Jupiter,  etc. 

In  the  study  of  the  physical  characteristics  of  comets  also  pho- 
tography has  proved  to  be  of  the  very  first  importance.  Fea- 
tures quite  impossible  to  see  Tvith  the  eye  are  distinctly  shown  on 
the  negative  plate,  and  in  this  field  we  are  on  the  very  verge  of 
great  discoveries.  The  connection  of  comets  with  meteor  swarms 
is  a  fact  of  capital  importance. 

The  electric  telegraph  has  revolutionized  certain  parts  of  as- 
tronomy and  geodesy.  All  longitudes  are  now  fixed  by  "the 
American  method"  with  unheard-of  accuracy  and  rapidity,  and 
the  figure  of  our  globe  will  soon  be  well  determined.    One  of  the 
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striking  discoveries  of  the  century  is  Dr.  Chandler's  detection  ot 
a  minute  regular  change  of  the  axis  of  rotation  of  the  Earth 
whose  effect  is  shown  in  a  regular,  though  small,  variation  of  the 
latitudes  of  places.  This  discovery  is  an  excellent  example  of  the 
thoroughness  with  which  all  astronomical  work,  both  observa- 
tion and  calculation,  is  now  performed. 

At  the  beginning  of  the  century  Sir  William  Herschel  was  in 
midcareer.  He  discovered  the  planet  Uranus  in  1781 ;  its  two 
brighter  satellites  were  discovered  by  him  in  1787 ;  the  two  inner- 
most  satellites  of  Saturn  in  1789.  The  satellite  of  Neptune  was 
discovered  by  Lassell  in  1846 ;  two  more  satellites  to  Uranas, 
again  by  Lassell,  in  1851 ;  a  satellite  to  Saturn  by  Bond  in  1848 ; 
two  satellites  to  Mars  by  Hall  in  1877 ;  a  satellite  to  Jupiter  by 
Barnard  in. 1892;  a  ninth  satellite  to  Saturn  by  Pickering  in 
1899. 

Newton's  discovery  of  universal  gravitation  reached  no  further 
than  the  outermost  planet  known  to  him,  Saturn.  The  discovery 
of  Uranus  and  Neptune  extended  the  scope,  but  Herschel's  detec- 
tion of  systems  of  binary  stars  revolving  about  each  other  ac- 
cording to  this  law  made  gravitation  truly  universal ;  the  law 
was  effective  to  the  boundaries  of  the  universe.  Our  knowledge 
of  double  stars  has  been  vastly  extended  by  the  discoveries  of 
this  century.  Thousands  of  such  systems  have  been  discovered 
and  many  orbital  motions  are  already  calculated. 

To  Herschel  a  star  was  a  shining  body  like  the  Sun,  both  being 
of  tmknown  constitution.  The  spectroscope  (invented  by  Bun- 
sen  and  Kirchhoff  in  1859)  brought  a  new  engine  to  bear  on 
problems  until  then  utterly  unsolvable.  The  spectrum  of  the  Sun, 
or  of  a  star,  compared  with  the  spectra  of  terrestrial  substances, 
proves  the  existence  in  the  fiery  envelopes  of  these  bodies  of  in- 
candescent clouds  of  metallic  vapors.  Lead,  iron,  gold,  copper 
and  other  metals  are  there  present. 

The  nebular  hypothesis  of  Laplace  (published  in  1706)  had  de- 
clared that  the  Sun  and  all  the  planets  were  but  condensations 
from  a  single  vast  nebula  that  once  filled  all  space.  The  spectres 
scope  proves  that  the  stars,  the  Sun  and  the  Earth  are  made  up 
of  the  same  elements.  If  the  Earth  were  to  be  raised  to  the 
temperature  of  the  Son  it  would  be  like  it — a  miniature  sun.  The 
Sun  is,  in  fact,  a  star.  The  stars  are,  in  general,  composed  of 
terrestrial  elements.  This  great  generalization  strengthens  the 
nebular  hypothesis  in  its  larger  acceptation,  but  the  century  has 
brought  forward  many  doubts  as  to  its  minor  details.    With  the 


.y  Google 


On  the  AdjustmcBt  of  the  Equatorial  Telescope.       535 

discovery  of  the  spectroscope  the  science  of  astronomical  physics 
■was  bom.  The  most  amazing  single  results  of  spectroscopic  ob- 
servation is  the  determination  of  the  velocity  with  which  stars 
are  approaching  to  or  receding  from  the  Earth,  All  stars  are  in 
motion  with  respect  to  the  Earth.  As  they  move  away  from  or 
toward  us  the  pitch  of  their  spectral  lines  is  altered  by  their  ve- 
locity, precisely  as  the  pitch  of  the  bell  of  a  passing  locomotive 
engine  is  altered  by  its  motion  toward  us  or  from  us.  We  are 
approaching  some  stars ;  we  are  receding  from  others.  The  line 
of  the  motion  of  our  whole  solar  system  can  thus  be  drawn  in 
the  universe,  and  this  problem  is  now  being  worked  out  in  all  its 
details  at  several  places,  notablj-  at  the  Lick  Observatory. 

In  the  foregoing  paragraphs  it  has  not  been  possible  to  note 
more  than  a  few  of  the  greater  achievements  of  the  astronomy  of 
the  century.  Only  a' few  of  the  greater  men  are  named,  A  full 
account  of  the  astronomical  progress  would  require  a  volume, 
and  it  would  include  a  host  of  honored  names.  In  each  and 
every  department  we  should  find  Americans  in  the  highest  places. 
Nowhere  has  astronomy  flourished  better  than  upon  our  soil, 
and  we  may  look  forward  to  the  next  century  with  confidence. — 
"  Evening  Star"  {Wash.),  Nov.  3,  1900. 


ON  THE  ADJUSTMENT  OF  THE  EQUATORIAL  TELESCOPE. 

SECOND  PART. 


POI  POFDLIK  A 

Having  derived  in  the  first  part  of  this  paper  the  mathemati- 
cal formulae,  upon  which  the  final  adjustment  of  the  equatorial 
depends,  it  is  left  to  show  how  the  quantities  i,  -q,  AZ),  AT,  c,  n,  E,  e, 
can  be  determined  from  actual  observations  of  the  stars.  Before 
doing  this  it  will  be  necessary  to  indicate  how  an  equatorial  is  to 
be  put  approximately  into  position  without  the  use  of  the  elab- 
orate system  of  equations  (9)  and  (10). 

§  6.    The  approximate  adjustment  of  the  equatorial. 

This  problem  resolves  itself  into  two  parts : 

(1)  To  bring  the  polar  axis  of  the  instrument  into  the  plane  of 

the  meridian. 

(2)  To  point  the  polar  axis  to  the  pole  of  the  heavens,  i.  e.  to 

give  to  the  polar  axis  an  elevation  above  the  horizon, 
which  is  equal  to  the  latitude  of  the  place  of  observation. 
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For  the  first  part  it  is  necessary  to  show  how  we  determine  the 
sidereal  timefor  anygiven  standard  time.  From  an  accurate  map 
we  take  the  longitude  of  theplace  of  observation  from  Greenwich. 
The  sidereal  time  at  Greenwich  mean  noon  for  every  day  in  the 
year  is  given  in  the  Nautical  Almanac  on  page  II  of  the  monthly 
calendar  (pages  2  to  217;  the  eighteen  pages  devoted  to  each 
month  numbered  by  Roman  numbers).  This  quantity  changes 
by  3"  56'.55  in  24''  which  gives  an  hourly  change  of  nearly  10". 
We  compute  the  sidereal  time  for  local  mean  noon  by  adding  to 
the  sidereal  time  for  Greenwich  mean  noon  10*  multiplied  by  the 
longitude  expressed  in  hours.  Thus  we  know  the  sidereal  time 
for  local  mean  noon  for  every  day.  To  transform  a  given  stan- 
dard time  into  local  mean  time  we  must  know  the  difference  be- 
tween the  standard  meridian  and  the  local  meridian ;  if  the 
standard  meridian  is  east  of  the  local,  we  subtract  the  differ- 
ence in  longitude  from  the  given  standard  time ;  if  it  is  west,  we 
add  it  to  the  standard  time.  We  next  transform  a  given  local 
mean  time  into  sidereal  time  by  changing  the  mean  time  interval 
since  noon,  into  a  sidereal  time  interval  using  for  this  purpose 
table  III  (pp  548-550).  This  valae  we  add  to  the  sidereal  time  at 
mean  noon  and  obtain  the  sidereal  time  corresponding  to  the 
mean  time  moment  [we  have  assumed  that  we  had  to  do  with  a 
p.  M.  time].  But  we  need  for  our  purposes  also  the  knowledge  of 
the  mean  time  when  the  sidereal  time  is  given.  It  is  evident  that 
we  have  then  to  subtract  from  the  given  sidereal  time  the  sider- 
eal time  at  mean  noon.  This  difference,  which  is  expressed  in 
sidereal  time,  we  transform  into  mean  time  by  table  II  (pp.  545- 
547). 

The  right  ascension  of  the  star  a  Ursfe  Minoris  (North  Star)  is 
now  l*"  23°;  when  it  is  in  upper  culmination  the  sidereal  time 
is  equal  to  l""  23"".  We  find  for  a  given  day  the  corres- 
ponding mean  time  and  turn  our  equatorial  instrument  to  the 
star  a  few  minutes  before  the  culmination  occurs.  We  keep  the 
declination  axis  in  a  horizontal  position ;  an  assistant  shifts  the 
basis  of  the  instrument  till  the  star  appears  in  the  field  and  keeps 
turning  it  till  the  star  is,  at  the  computed  time  of  culmination, 
well  in  the  middle  of  the  field.  In  the  late  fall  the  upper  culmina- 
tion of  the  North  Star  takes  place  conveniently  in  the  early  even- 
ing hours ;  in  the  spring  the  lower  culmination  will  have  to  be 
used  instead. 

To  give  to  the  polar  axis  the  proper  elevation  we  should  ob- 
serve the  declination  of  a  star  in  both  positions  of  the  telescope, 
east  and  west  of  the  pier.    We  shall  then  have  two  equations  of 
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the  character  of  those  under  (9)  in  the  preceding  article,  which 
could  be  solved  for  (  and  AD.  To  find  the  value  of  AT  it  is  neces- 
sary to  have  the  declination  axis  in  a  horizontal  position  and  to 
observe  the  instrumental  hour  angle  of  an  equatorial  star  in  both 
positions.  We  would  then  form  the  arithmetical  mean  of  the  two 
equations  corresponding  to  those  under  (10)  and  find  the  index 
error  of  the  hour  angle  circle.  To  eflfect  the  horizontality  of  the 
declination  circle,  a  level  attached  to  the  declination  axis  seems  to 
be  necessary.  But  very  few  instruments  are  provided  with  such 
a  level  and  it  seems  therefore  impossible  to  obtain  AT  independent 
of  the  error  of  the  chronometer,  if  this  one  is  not  known  from  ob- 
servations with  the  meridian  instrument.  A  simple  but  very  in- 
genious method  has  been  devised  by  Professor  Schaeberle  to  over- 
come this  difficulty,  and  since  from  it  at  the  same  time  the  value 
for  i  and  AD  can  be  conveniently  determined  in  day  time  it  will 
be  best  to  reprint  here  the  clear  exposition  of  the  method  as  given 
by  Professor  Campbell  in  his  Practical  Astronomv  (2d  ed.  pp. 
215-216) : 

"Across  the  object  end  of  the  telescope  firmly  tie  a  piece  of 
"  wood  which  projects  several  inches  from  the  telescope  tube  on 
"  the  side  opposite  the  pier.  Pass  a  fine  thread  through  a  very 
"  small  hole  in  the  projecting  end  and  fasten  it.  Direct  the  tele- 
"  scope  to  the  zenith.  Near  the  eye-end  and  on  the  same  side  as 
"the  projecting  arm,  fasten  a  block  of  wood.  To  this  screw  a 
"metal  plate  so  that  it  will  be  perpendicular  to  the  axis  of  the 
"tube,  and  in  which  is  a  very  small  circular  hole  as  nearly  as  pos- 
"sible  (by  estimation)  under  the  hole  above.  Pass  the  thread 
"through  it,  tie  a  plumb-bob  to  the  end  of  the  thread  near  the 
"  floor,  and  let  it  swing  in  a  vessel  of  water.  Move  the  telescope 
"  by  the  slow-motion  screws  until  the  plumb-line  passes  through 
"the  center  of  the  lower  hole.  Read  both  verniers  of  the  hour 
"and  declination  circles.  Unclamp,  hold  the  plumb-bob  in  the 
"hand  to  avoid  displacing  the  metal  plate,  remove  the  telescope 
"  to  the  other  side  of  the  pier  and  set  it  so  that  the  plumb-line 
"again  passes  centrally  through  the  hole.  Read  both  circles  as 
"  before. 

It  is  obvious  that  the  two  readings  of  the  declination  circle  give 
rise  to  the  following  two  equations  (see  equation  9): 

't>  =  D'  +AD~i  C.P. 

<f>^D"  —  AD~i  C.P. 

Indeed  the  declination  of  the  zenith  is  the  latitude  of  the  ob- 
server, the  term  in  e  will  be  zero.    From  these  observations  we 
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D" ly  Tf' A-iy 

obtain  AZ>  —  — ^ ^"<^  ^  =  "^'n — ~  ~  ^-   (The  value  of  ^  can 

be  obtained  from  a  map  with  sufficient  accnracy  for  this  prelim- 
inary work).     Placing  the  index  of  the  declination  circle  on 
jy  Jr-jy 
— = — -  by  means  of  the  slow-motion  screw,  we  shift  the  index 

"—ly 

—= —    in    the   proper   direction. 

We  next  place  the  index  on  the  declination  ^=  •f>  and  move 
the  polar  axis  by  means  of  the  proper  screw  till  the  plumb- 
line  will  take  its  position  in  the  middle  of  the  circular  hole. 
The  adjustment  of  the  polar  axis  being  accomplished,  we  take 
the  arithmetical  mean  of  the  hour  circle  readings.  This  taken  with 
the  negative  sign  is  the  value  of  ^T;  placing  the  index  on  the 
hour  circle  equal  to  the  arithmetical  mean,  we  shift  the  index  arm 
till  it  reads  0^  O"  0-. 

With  the  adjustment  so  far  effected  it  is  possible  to  obtain  a 
closer  determination  of  the  error  of  the  chronometer.  It  will  be 
readily  granted  that  the  error  with  which  the  longitude  can  be 
taken  from  a  map  is  large  and  that  standard  clocks  which  are 
daily  regulated  by  means  of  a  time  signal  from  the  Washington 
Observatory  arc  not  always  easily  reached.  It  will  therefore  be 
preferable  to  do  away  with  this  round-about  method  of  finding 
the  sidereal  time  from  the  mean  time.  The  stars  will  furnish  us 
the  correct  time.  For  this  purpose  we  turn  to  equation  (10) 
(Part  I).  The  hour  angle  of  a  star  is  the  difference  between  the 
sidereal  time  and  the  right  ascension  of  the  star.  Let,  at  two 
moments  of  time,  C  and  9"  be  the  sidereal  times  as  obtained  from 
the  chronometer,  and  let  A^  and  ^6"  be  the  corrections  to  be  ap- 
plied to  tf'  and  9"  respectively,  to  give  the  correct  sidereal  times. 
Assume  6"  —  tf'  smaller  than  10",  then  we  may  assume  that  A^ 
will  be  equal  to  A9"  =  Atf  for  a  fairly  good  watch.  Select  a  star 
which  culminates  near  to  the  equator  and  observe  its  transit 
over  the  vertical  wire  in  both  positions ;  C.  P.  when  the  instru- 
mental hour  angle  is  about  3"  east,  and  C  F.  when  it  is  about 
S"  west.    From  the  foregoing  definition  we  have 

T'=6'  +  £).e  —  a  and  t"  =  6"  +  A6  —  a.. 
With  these  values  we  find, 

^   -I-  Aff  —  a  =  T'   +  AT  —  c  sec  8  —  n  tg  S  +  7  *^5       C.  P. 
^'  +  Aff  —  o  =  T"  +  AT  +  c  sec  S  +  n  tg  8  +  7  tg  8       C.  F. 

We  have  neglected  in  both  equations  the  flexures  and  have  put 
sin  t"  =  sin  t"  :^  0  and  cos  t'  =:  cos  t"  =0  since  the  observations 
are  made  so  close  to  the  meridian. 
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By  addition  of  the  two  equations  we  obtain 

a/    I    or/  ^r     i     ^ir 

a  is  known  from  the  Nautical  Almanac,  — ^ —  and = are 

known  from  observation;  we  obtain  therefore  a  value  for 
Jfl  —  JT —  ij  tg  8,  and  since  we  may  safely  assume  that  by  the 
foregoing  method  JT  is  reduced  to  one  unit  of  the  graduation  of 
the  hour  circle  we  shall  obtain  A#  with  an  accuracy  equal  to  that 
of  ^T  provided  we  have  taken  a  star  so  close  to  the  equator 
that  >)  tg  8  can  be  neglected. 

§  7.  The  determination  of  AD,  AT,  (,  7,  c,  n,  E,  e  as  derived 
from  observations  of  stars. 

Since  the  equations  (9)  and  (10)  contain  on  the  right  sides 
terms  which  have  either  sin  t  or  cos  r  as  a  factor,  it  will  be  ad- 
vantageous to  divide  our  work  into  two  distinct  parts.  The 
first  part  will  deal  with  the  observations  which  are  made  close  to 
the  meridian,  the  other  close  to  the  6"  —  18"  circle.  Our  equa- 
tions (9)  and  (10)  will  be  reduced  in  these  two  cases  to  the  follow- 
ing: 

(a).    Near  the  meridian. 

0'  —a  =  T'  +AT  —  Atf  —  csecS  —  ntg8±j,tg8 

±Beo,(*i#  C.P. 

COS  S 

*"  —  «  ==  T"  +  AT  —  A*  4-  c  sec  8  +  n  tg  8  ±  7  tg  S 

C.  F. 

8  =  Zr   +  AD  —  I  —  e  sin  (0  —  S)  C.P. 

8  =  D"  —  AD  —  £  —  e  sin  («  ~  S)  •  C.  F. 

The  upper  signs  in  the  terms  in  E  and  jj  pertain  to  stars  in  upper 
culmination,  the  lower  signs  to  stars  in  lower  culmination. 

(b).    Near  the  ff' —  18^  circle. 
0'  — a  =  T'  +  AT—  Atf  —  csec8  —  ntg8 

H^  f  tg  8  +  S  sec  *  tg  8  ±  e  cos  *  sec  8    C.P. 
^'  —  a  =  T"  +  AT  —  Atf  +  c  sec  8  +  D  tg  8 

+  <tg8  — Ssec<^tg8  ±  ecos*sec8    C.  F. 
8  =  Zy   +  AD  —  7  —  e  sin  *  cos  8  C.P. 

8  =  i>"  —  AD  —  ,  —  e  sin  *  cos  8  C.  F. 
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The  upper  signs  in  the  i  and  e  terms  belong  to  atars  in  the  &"  cir- 
cle, the  lower  ones  to  those  in  the  18"  circle.  It  should  be  re- 
marked that  we  have  replaced  in  the  trignometrical  functions  on 
the  right  side  d  by  8  and  /"by  <ft.  This  is  permitted,  since  each  of 
these  terms  is  multiplied  by  a  small  factor,  so  that  the  quantities 
thus  neglected  will  be  inappreciable.  Only  for  the  stars  in  the 
neighborhood  of  the  pole,  will  it  be  necessary  to  use  the  rigorous 
formulas  since  for  instance  the  term  f  tg  5  can  even  for  small 
values  of  t  become  appreciable  on  account  of  the  factor  tg  S, 
which  becomes  56  in  the  case  of  the  star  k  Ursae  Minoris.  To 
avoid  unnecessary  calculations  it  will  therefore  be  wise  to  obser\-e 
as  close  to  the  meridian,  or  S""  —  IS"  circle  as  possible.  We  can- 
not observe  the  same  star  in  both  positions  near  the  6"  —  18 '' 
circle,  since  the  pier  will  interfere,  but  we  can  easily  apply  the  rule 
just  stated  even  in  this  case.  For  the  meridian  observations  in  r 
we  should  by  all  means  observe  each  star  in  both  positions,  since 
we  get  a  very  valuable  change  of  signs  in  this  way  for  our  equa- 
tions. It  will  require  therefore  some  skill  to  keep  close  to  the  me- 
ridian with  both  observations.  But  since  we  read  but  the  hour 
circle  for  hour  circle  observations  and  pay  no  attention  to  the 
declination  circle,  the  work  is  considerably  reduced.  The  same 
holds  true  with  respect  to  observations  in  declination,  where  the 
hour  circle  readings  are  omitted,  but  on  account  of  the  absence 
of  magniiying  factors  in  the  equations  for  the  declination,  we 
may  observe  even  at  a  considerable  hour  angle  without  danger. 
(To  be  continued.) 


NOTE  ON  THE  COMPANION  TO  p  CA99IOPEI-E. 


.  BURNHAM. 


The  first  measures  of  the  small  attendant  to  0  Cassiopeiie,  dis- 
covered by  Alvan  G,  Clark,  were  made  by  me  at  the  Lick  Obser%-a- 
tory  in  1889,  and  so  far  as  I  know  it  has  not  been  measured  by 
any  other  observer,  I  have  re-observed  it  with  the  40-inch  of 
the  Yerkes  Observatory  during  the  present  year. 
The  two  sets  of  measures  are: 

1889.59  189°.  2  22",  63  3n 

1900.70  204  .2  22  .66  2n 
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The  large  motion  in  position-angle  corresponds  with  practical 
accuracy  to  the  recognized  proper  motion  of  the  bright  star. 
This  annual  movement  according  to  Auwers  is  0".550  in  the 
direction  of  110°.2.  Taking  this  value  and  the  posifion  of  B 
from  the  first  set  of  measures  as  given  above,  the  companion  if 
fixed  in  space  should  be  at  the  date  of  the  last  measures,  204°.8; 
22".28.  This  is  practically  identical  with  the  observed  place, 
and  therefore  the  companion  is  not  connected  with  the  principal 
star.    The  minimum  distance  of  22".4  occurred  in  1897. 


THE  ALLEGHENY  OBSERVATORY.* 

The  story  of  the  old  Allegheny  Observatory  is  replete  with  in- 
terest not  only  to  the  astronomer,  but  to  the  good  people  of 
Pittsburg  and  Allegheny,  for  are  we  not  proud  of  its  history, 
proud  of  its  achievement  in  the  domain  of  science,  proud  of  the 
men  who  have  done  so  much  to  advance  our  knowledge  of  the 
beautifiil  science  of  astronomy,  for  discoveries  of  momentous 
interest  in  solar,  stellar  and  planetary  physics  have  been  made 
within  the  walls  of  the  dear  old  building  on  Observatory  Hill, 
and  today  the  discoveries  made  there  give  us  a  standing  in  the 
scientific  world  second  to  none. 

Have  we  not  also  a  pardonable  pride  in  that  noble  corps  of 
men  who  a  little  more  than  forty  years  since  planned  and  builded 
the  old  Observatory ;  builded  better  than  they  knew  for  forty 
years  ago  little  was  known  of  the  new  astronomy  in  the  field  of 
which  so  much  has  been  sown  and  reaped  in  the  old  institution. 

On  the  evening  of  February  15,  1859,  three  citizens  of  this  city 
and  Pittsburg  met  at  the  office  of  Professor  Bradley  to  consider 
the  purchase  of  a  telescope,  "the  magnifying  power  of  which 
would  bring  the  heavenly  bodies  near  enough  to  be  viewed  with 
greater  interest  and  satisfaction."  These  three  citizens  were 
Professor  Lewis  Bradley,  Josiah  King  and  Harvey  Childs.  After 
some  conversation  upon  the  subject  it  was  decided  to  request 
other  gentlemen  to  meet  with  them.  The  next  meeting  -was  held 
on  the  evening  of  Washington's  birthday,  February  22,  1859. 
At  this  meeting,  "  after  iurther  conversation,  in  which  it  was  pro- 
posed to  place  the  telescope  upon  a  house-top  in  the  central  part 

■  Address  of  J.  A.  Brasbear  at  the  laying  of  the  corner  atone  of  the  new 
Allegheny  Observatory  which  took  place  at  Riverview  Park,  Allegheny,  Pa.,  Oc- 
tober 20,  1900.    The  address  was  was  printed  in  the  Pittsburg  Press,  October 
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of  Allegheny,"  So  far  as  can  be  learned  the  house  selected  was 
on  the  southeast  comer  of  Parkway  (then  called  Water  Street, 
as  it  was  nearest  the  canal)  and  Federal  street.  However,  at  a 
subsequent  meeting  it  was  decided  to  abandon  the  idea  of  plac- 
ing it  upon  a  house-top  in  the  center  of  a  city  and  a  committee 
was  appointed  to  select  a  more  suitable  site.  Three  sites  were 
proposed  by  this  committee — one  on  Seminary  Hill,  one  on 
Quarry  Hill,  and  a  site  on  the  west  end  of  Seminary  Hill,  owned 
by  Judge  Irwin.  At  this  time  and  for  long  afterward  the  asso- 
ciation was  known  as  the  "Allegheny  Telescope  Association," 
and  it  is  a  matter  of  great  interest  to  us  to  know  of  the  men  who 
were  the  prime  movers  in  this  pioneer  astronomical  association, 
for  at  that  time  m  our  history  there  were  very  few  astronomical 
observatories  of  any  note  in  the  United  States.  I  find  on  this 
roll  of  honor  the  names  of  Hon.  Thomas  M.  Hovre,  Professor 
Lewis  Bradley,  R.  S.  Hays,  Henry  Irwin,  William  J.  Bissel,  Felix 
R.  Brunot,  John  A.  Wilson,  James  Park,  Jr.,  Josiah  King,  C.  G. 
Hussey,  Edward  Rahm,  James  Marshall,  John  Dean,  David 
Campbell,  William  Bagaley,  G.  W.  Cass,  H.  Hepburn,  Henry 
Bollman,  William  Thaw,  John  S.  Shoenberger,  David  McCandless, 
General  Robinson,  Christian  Yeager,  Mr.  O'Hara,  Washington 
McClintock,  James  M.  Cooper,  Robert  Dalzell,  William  Morrison, 
Thomas  BakeweU,  Samuel  Gormley  and  R.  B.  Sterling, 

So  far  as  I  can  learn  all  of  these  grand  men,  except  C.  Yeager, 
have  passed  away  from  Earth,  but  they  have  left  an  honored 
name,  names  to  grace  the  roll  of  honor  of  any  community. 
Many  other  citizens  joined  the  association  shortly  after  these 
names  were  recorded  in  the  minute  book,  which  names  will  be  re- 
corded at  the  end  of  this  paper. 

The  committee  on  site  had  some  negotiations  with  the  city  with 
reference  to  a  location  on  Seminary  Hill,  a  lease  of  which  was  of- 
fered to  the  association  for  an  annual  rental  of  sixty  dollars  per 
year,  but  about  this  time  Mr.  Ferguson  and  Mr.  McClintock  of- 
fered free  of  cost  a  large  part  of  the  plot  of  ground  on  which  the 
Observatory  now  stands,  and  an  additional  piece  was  purchased 
from  Mr.  Ashworth,  making  in  all  a  tract  of  over  ten  acres,  on 
what  was  then  perhaps  as  fine  a  location  for  an  Observatory  as 
could  be  found  near  the  city,  as  the  prevailing  winds  carried  the 
smoke  away  from  it,  thus  insuring  good  observations  in  its  earl- 
ier history. 

So  successful  was  the  association  in  raising  fiinds  for  the  pro- 
posed Observatory  that  it  was  decided  to  purchase  a  13-inch 
telescope  instead  of  an  8-inch,  as  originally  proposed,  and  on  mo- 
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tion  of  Mr.  William  Thaw  it  was  decided  to  instruct  a  committee 
to  make  arrangements  for  the  purchase  of  an  instrament  from 
Mr.  Fitz,  of  New^  York,  who  had  only  a  short  time  before  com- 
pleted a  similar  instrument  for  the  Dudley  Observatory  at  Al- 
bany, New  York. 

This  committee,  consisting  of  Mr.  Josiah  King,  Hon.  Thos.  M, 
Howe  and  Dr.  C.  G,  Hnssey,  requested  Prof  Bradley  to  go  to 
New  York  and  make  arrangements  for  the  telescope  of  13  inches 
aperture  to  be  mounted  equatorially  and  placed  in  the  Observa- 
tory when  completed.  Professor  Bradley's  report  was  of  such  a 
satisfectory  characterthat  the  proposal  of  Mr.  Fitz,  made  on  the 
17th  of  January,  1860,  was  accepted  at  the  meeting  of  the  board 
held  January  31. 

The  complete  organization  of  the  association  did  not  take 
place  until  May  15,  1860,  when  the  constitution  and  by-laws 
were  reported  and  adopted  and  a  board  of  directors  elected. 
The  members  constituting  the  board  were:  Hon.  Thomas  M. 
Howe,  Dr.  C.  G.  Hussey,  Mr.  William  Thaw,  Mr.  Josiah  King 
and  Mr.  John  H.  Shoenberger. 

Dr.  C.  G.  Hussey  was  elected  president  of  the  board  and  Mr. 
James  Park,  Jr.,  secretary. 

The  act  of  incorporation  by  the  legislature  of  Pennsylvania 
was  approved  by  Governor  Packer  on  the  22d  of  March,  1860. 

At  this  epoch  in  the  history  of  the  Observatory  there  is  some 
discrepancy  in  the  dates,  as  the  architect's  plans  were  accepted 
and  approved  about  the  8th  of  May,  just  a  week  before  the  elec- 
tion of  the  board  of  directors,  Messrs.  Barr  &  Moser  were  the 
architects. 

The  contract  for  the  building  was  awarded  to  several  parties, 
Mr.  J.  S.  Knox  building  the  stone  work  and  Messrs.  Smith  & 
Bungy  the  carpenter  work. 

Mr.  Fitz'  work  on  the  great  telescope,  its  completion  and  the 
reports  of  the  tests  by  Dr.  Lewis  Rutherford  and  Dr.  Brunnow 
make  up  a  most  interesting  part  of  the  history  during  this  period 
of  the  development  of  the  Observatory  and  its  equipment,  all  of 
which  is  recorded  in  the  minute  book  of  the  association.  Suffice 
it  to  say  that  the  Observatory'  was  completed  and  the  telescope 
erected  between  the  first  of  November,  1860,  and  the  end  of  Jan- 
uary, 1861. 

Professor  Bradley  delivered  an  address  before  the  board  of  trus- 
tees and  their  friends  when  they  took  possession  of  the  building 
and  instruments,  but  for  some  unknown  reason  this  address  has 
disappeared  firom  the  book  of  records  of  the  Observatory. 
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On  Tuesday  evening,  November  17,  1863,  Professor  Philotus 
Dean  was  elected  Director  of  the  Observatory  for  one  year.  The 
records  do  not  show  any  important  observations  or  discoveries 
made  up  to  this  time,  indeed  it  is  presumed  that  the  telescope  was 
used  almost  entirely  for  observations  of  the  Moon  and  planets  by 
the  members  of  the  association. 

The  first  director  of  the  Observatory  ser\'ed  without  any  sal- 
ary-, save  that  he  ivas  furnished  with  a  dwelling  house  free  of  rent. 

On  the  10th  of  May,  1867,  a  meeting  was  held  of  the  stock- 
holders of  the  Allegheny  Astronomical  association,  as  it  is  now- 
called,  to  consider  its  transfer  to  the  trustees  of  the  Western  Uni- 
versity of  Pennsylvania.  The  association  had  incurred  an  in- 
debtedness of  about  $12,000  and  they  recognized  that  to  cany 
it  on  in  the  interests  of  education  and  the  advancement  of  sci- 
ence a  fund  must  be  raised  to  pay  the  debt,  and  also  raise  a  fund 
to  endow  a  chair  of  astronomy  in  the  university.  It  was  there- 
fore proposed  to  raise  the  sum  of  $30,000  by  which  this  desirable 
end  should  be  attained.  The  future  usefulness  of  the  Observatorj- 
seemed  to  be  fiilly  recognized  by  the  board  at  that  time,  as  the 
minutes  of  this  date  are  filled  with  expressions  of  hope  and 
prophecy  regarding  both  the  University  and  the  Observatory. 

A  large  majority  of  stock  holders  and  contributors  voted  to 
convey  their  interests  in  the  Observatory  to  the  University,  with 
the  proviso  that  they  were  to  be  credited  with  the  amount  they 
had  subscribed,  and  provided  ftirther  that  they  should  have  the 
privileges  formerly  accorded  them  of  making  occasional  use  of 
the  instruments,  and  provided  still  further  that  an  endowment 
fund  be  raised  and  the  property  forever  be  held  for  Observatory 
purposes.  The  Astronomical  Association  through  its  officers  con- 
veyed the  Observatory  to  the  Western  University  on  the  first  day 
of  July,  1867.  The  records  of  this  transfer  cover  many  pages  of 
the  minute  books  of  the  Western  University,  and  bear  testimony 
to  the  care  with  which  the  transfer  was  made. 

On  the  8th  of  August,  1867,  the  names  of  Professor  S.  P. 
Langley  and  Professor  James  Thompson  were  placed  before  the 
board  of  trustees  soliciting  an  appointment  to  the  chair  of 
Astronomy  and  Physics,  Professor  Langley  was  unanimously 
elected  to  the  chair. 

At  this  meeting  it  was  resolved  to  equip  the  Observatory  with 
a  transit  instrument,  chronograph,  clocks,  etc.  The  duties  of  the 
Professor  of  Astronomy  were  also  decided  upon,  in  which  it  was 
to  teach  the  classes  in  astronomy  and  physics  in  the  university, 
duties  from  which  he  was  afterwards  entirely  released. 
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At  a  meeting  held  June  8,  1869,  it  was  ijecided  to  change  the 
name  of  the  Allegheny  Observatory  to  the  "Observatory  of  the 
Western  University  of  Pennsylvania,"  but  at  the  meeting  of  the 
board  on  the  4th  of  October  of  the  same  year  the  motion  to 
change  the  name  was  rescinded,  and  the  old  name  retained. 

Subscriptions  to  the  endowment  fiind  and  paying  off  the  debt 
amounted  at  this  period  to  the  sum  of  $15,000,  subscribed  by 
Dr.  Hussey,  Hon.  Thomas  M.  Howe,  Mr.  William  Thaw, 
Thomas  A.  Clark,  Thomas  Fawcett,  Christopher  Zug,  Chas. 
Knap,  James  B.  Lyon,  Dr.  Hostetter,  Mr.  Smith  and  General 
Cass.  As  this  iiind  covered  the  indebtedness  of  the  Astronomical 
Association,  leaving  a  balance  of  $3,000  toward  the  endowment 
lund,  thus  requiring  $17,000  to  complete  the  endowment  of 
$20,000.  This  amount,  so  far  as  I  have  been  able  to  find  out, 
was  contributed  by  Mr.  Thaw,  ^vho  a  few  years  afterwards  also 
contributed  $100,000  to  the  University  fund. 

It  was  stipulated  by  Mr.  Thaw  that  the  director  of  the  Obser- 
vatory should  be  free  from  teaching  in  the  University,  except  to 
deliver  lectures  at  his  convenience  and  thus  be  free  to  carry  on 
original  research. 

From  this  time  onward  the  institution  took  its  place  among 
the  working  observatories  of  the  world.  It  would  be  impossible 
within  the  limits  of  this  paper  to  tell  you  more  than  a  moiety  of 
the  splendid  observations  and  discoveries  made  by  Professor 
Langley  and  his  able  assistants.  The  long  series  of  solar  obser- 
vations, for  which  this  region  is  so  well  suited,  gave  to  the 
world  new  views  of  the  Sun  and  its  surroundings,  and  the  series 
of  magnificent  drawings  of  sun  spots  made  by  Professors  Lang- 
ley,  Frost,  Keeler  and  Mr.  Very  are  now  considered  classic  and 
invaluable  in  our  studies  of  solar  phenomena. 

In  his  studies  of  solar  physics  Professor  Langley  was  impressed 
with  the  idea  that  much  of  the  radiant  energy  coming  from  the 
Sun  was  not  recognized  with  the  instruments  then  in  use,  and 
after  a  long  series  of  experiments  he  discovered  that  marvelously 
delicate  thermometer  which  he  called  the  bolometer. 

With  the  instrument  a  series  of  studies  were  commenced  upon 
the  Sun,  Moon  and  stars,  which  brought  to  light  some  of  the 
most  important  facts  in  the  whole  realm  of  astronomical  physics. 
Rigorous  experiments  and  manj'  critical  researches  were  made  in 
what  may  be  called  the  hitherto  unknown  region  of  solar  radia- 
tion. This  work  covered  years  of  earnest,  patient  labor  and  tens 
of  thousands  of  observations,  and  now  we  know,  through  the 
long  continued  study  of  these  devoted  men  that  we  have  in  the 
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dark  rays  that  come  from  our  great  luminary  that  which  is  the 
source  of  all  life  upon  our  planet.  I  cannot  dwell  upon  thi& 
topic,  charming  as  it  is  to  the  student  of  astronomical  physics. 
Suffice  it  to  say  that  so  valuable  have  been  these  discoveries  that 
they  have  formed  an  epoch  in  astronomical  science.  Professor 
Langley  made  many  more  important  studies  and  discoveries, 
and  he  became  so  well  known  in  the  scientific  world  that  he  was 
honored  as  few  men  were  in  his  day. 

Not  the  least  important  work  he  did  at  the  Observatory  was 
the  introduction  and  development  of  the  time  service,  which  has 
been  kept  up  without  a  break  since  it  was  started. 

In  all  Professor  Langley's  investigations  he  was  always  as- 
sisted by  that  noble  friend  of  the  "Observatoiy,  through  whose 
liberality  alone  he  was  able  to  carry  out  many  of  his  most  valu- 
able studies.  The  expedition  to  Mount  Whitney  was  paid  for  en- 
tirely by  fiinds  ftimished  by  Mr.  Thaw,  and  all  his  studies  in  the 
selective  absorption  of  the  Earth's  atmosphere  were  carried  on 
by  means  furnished  from  the  same  source.  Professor  Langley  be- 
came greatly  interested  in  aerodomics,  or  the  science  of  aerial 
navigation.  Upon  this  he  made  many  valuable  experiments  from 
the  purely  scientific  side.  Mr.  Thaw  paid  all  the  expenses  of  this 
research  up  to  the  time  Professor  Langley  left  the  Observatory. 
The  experiments  are  still  in  progress  at  the  Smithsonian  institu- 
tion. 

In  1890  Professor  Langley  was  called  to  the  highest  position  of 
any  scientific  institution  in  the  land,  namely  the  Smithsonian  in- 
stitution in  Washington,  D.  C,  to  fill  a  chair  that  had  been  occu- 
pied by  Henry  and  Baird,  where,  amidst  his  many  duties,  he  still 
finds  the  time  to  carry  on  his  bolometric  and  aerodro'mic  re- 
searches. Professor  Langley  contributed  54  papers  to  scientific 
journals  during  his  directorate  of  the  Observatory. 

Professors  Frost,  Hall,  Very  and  Keeler  had  been  associated 
with  Professor  Langley  during  his  stay  at  the  Observatory,  all 
of  whom  have  made  for  themselves  an  honored  record.  Profes- 
sor Frost  now  occupies  the  position  of  professor  of  physics  in 
the  Western  University  and  Professor  Very  accepted  a  position  at 
Ladd  Observatory  of  Brown  University. 

Professor  Keeler,  after  spending  a  j'ear  studying  with  Helm- 
holtz  and  Quinke  in  Germany,  returned  to  the  Observatory, 
where  he  further  assisted  Professor  Langley  in  his  researches  of 
the  selective  absorption  of  solar  energy  and  other  problems  of 
scientific  value. 
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In  1886  Professor  Keeler  was  called  to  the  Lick  Observatory, 
where  he  had  charge  of  the  erection  of  the  instruments  and  in- 
stalled all  the  apparatus  for  the  time  service,  and  was  the  only- 
astronomer  on  the  mountain  for  many  months.  After  Professor 
Holden  took  charge  of  the  Lick  Observatory  Professor  Keeler 
was  appointed  astronomer.  Here  he  soon  developed  the  astro- 
nomical  spectroscope  to  a  high  degree  of  perfection  and  made  a 
series  of  observations  on  the  motion  of  the  nebulae  in  the  line  of 
sight,  which  at  once  brought  his  work  the  highest  recognition 
throughout  the  scientific  world.  His  magnificent  drawings  of 
the  planets  Jupiter,  Saturn  and  Mars,  made  by  the  aid  of  the 
great  36-inch  telescope,  have  never  been  equalled.  Many  other 
studies  of  importance  were  conducted  at  the  Observatory,  which 
at  once  placed  Professor  Keeler  as  one  of  the  most  earnest  and 
successfiil  observers  in  the  realm  of  the  new  astronomy. 

In  May,  1891,  Professor  Keeler  was  unanimously  elected  to 
the  directorship  of  the  Allegheny  Observatory,  a.  position  he  at 
once  accepted.  When  Professor  Keeler  came  to  Allegheny  he 
found  the  Observatory  poorly  equipped  for  the  line  of  investiga- 
tion he  desired  to  pursue  as  a  continuation  of  his  work  at  Lick 
Observatory,  butfriends  of  the  institution  and  of  Professor  Keeler 
soon  iumished  the  means.  Mrs.  William  Thaw  contributed  the 
money  to  construct  a  spectroscope  of  the  highest  type,  which  was 
designed  by  Professor  Keeler.  Mr.  William  Thaw,  Jr.,  supplied 
the  means  for  a  new  driving  clock  and  the  remounting  of  the  13- 
inch  equatorial,  while  the  Junta  club  of  Pittsburg  generously  do- 
nated a  sum  sufficient  to  place  a  modem  shutter  on  the  dome. 
Thus  equipped,  Professor  Keeler  commenced  a  series  of  researches 
by  which,  in  the  years  he  was  with  us,  some  of  the  most  brilliant 
discoveries  ever  made  in  astronomical  science  were  added  to  those 
he  had  already  given  to  the  world. 

Of  the  sixty-two  papers  he  contributed  to  various  scientific 
journals  during  his  directorate  perhaps  the  most  important  ones 
are  those  which  we  have  numbered  120  and  121  in  the  transac- 
tions of  the  Observatory.  No.  120  refers  to  his  spectroscopic 
study  of  the  constitution  of  Saturn's  rings ;  No,  121  a  paper  on 
a  spectroscopic  proof  of  the  meteoric  constitution  of  Saturn's 
ring.  Had  he  made  no  other  discovery  than  this  solution  of  the 
character  of  Saturn's  rings,  his  name  would  forever  be  remem- 
bered in  the  annals  of  scientific  discovery,  for  the  mathematicians, 
physicists  and  astronomers  of  centuries  had  labored  in  vain  to 
solve  the  problem,  which,  with  his  keen  intellect,  his  methods  of 
precision,  his  marvellous  ability  to  make  his  instrumental  epuip- 
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luent  do  his  bidding  enabling  him  to  solve  the  mystery  and  es- 
tablish the  splendid  theorj-  of  Doppler  on  a  still  more  secure 
foundation. 

It  would  be  impossible,  in  the  limits  of  this  paper,  to  tell  you 
of  the  splendid  achievements  in  the  domain  of  astrophysics  of 
our  departed  friend,  for  since  this  new  temple  of  the  skies  began 
to  rise  from  its  foundation  his  spirit  has  taken  its  flight  to  dwell 
among  the  stars  he  loved  so  fondly.  Socially,  Mr.  Keeler  was  a 
most  charming  man,  and  as  a  scientific  investigator  he  was  of 
the  highest  type,  ever  ready,  ever  willing  to  help  the  earnest  stu- 
dent over  the  rough  ways  that  here  and  there  lay  before  him. 
Thousands  of  our  people  have  enjoyed  his  Thursday  night  re- 
ceptions at  the  Obser\-atory,  and  he  was  one  of  the  first  to  sug- 
gest that  if  we  should  have  a  new  Observatory,  one  department 
should  be  erected  that  should  be  forever  free  to  the  people,  so 
that  they  too  might  enjoj-  the  beauties  of  the  skies. 

ProfessoV  Keeler  was  elected  director  of  the  Lick  Observatory 
in  the  spring  of  1898.  He  did  not  wish  to  leave  us :  social  and 
scientific  associations,  ties  of  friendship  bound  him  to  us  closely 
and  had  we  succeeded  in  raising  a  fund  large  enough  to  build  a 
new  Observatory'  on  this  beautiful  spot,  which  had  been  secured 
long  before  he  left  us,  I  do  not  think  that  even  the  great  attrac- 
tions of  that  ideal  Observatory  on  the  summit  of  Mount  Hamil- 
ton would  have  been  sufficient  to  take  him  from  us,  but  the 
breaking  out  of  the  Spanish-American  war  and  the  excitement 
associated  with  it  prevented  for  the  time  being  the  successfiil 
issue  of  the  important  enterprise.  Notwithstanding  all  this, 
Professor  Keeler  hesitated  as  long  as  he  could,  with  courtesy  to 
the  Lick  trustees,  and  only  accepted  the  position  when  the  time 
limit  was  reached.  The  two  years  since  his  acceptance  of  the 
directorate  of  the  great  mountain  Observatory  were  replete  with 
success,  and  w^e  lovingly  place  under  this  comer  stone  a  record  of 
the  last  and  one  of  the  most  important  discoveries  he  had  yet 
made,  indeed  in  a  recent  letter  to  me  he  modestly  mentioned  it  as 
the  greatest  discover^'  of  his  life,  namely  that  the  normal  condi- 
tion of  the  greater  number  of  nebulie  are  spirals. 

But  he  has  gone  from  among  us  leaving  a  loving  companion 
and  two  bright  children  to  honor  his  memory. 

Professor  Frank  Very  remained  at  the  Observatory  until  his 
work  undertaken  for  the  United  States  weather  bureau  on  at- 
mospheric radiation  was  practically  completed.  This  work  has 
just  been  issued  from  the  government  press,  and  in  Professor 
Moore's  transmittal  of  the  work  to  the  secretary  of  agriculture. 
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he  acknowledged  it  to  be  a  research  of  great  importance  in  the 
absorption  and  radiation  of  heat  in  the  Earth's  atmosphere. 

Professor  Henry  Harrar  was  a  faithful  assistant  to  Professor 
Keeler,  having  charge  of  the  time  service  and  other  duties  in  con- 
nection with  Professor  Keeler's  research  work. 

After  an  interim  of  about  eighteen  months  our  present  director, 
Professor  F.  L.  Wadsworth,  was  unanimously  elected  to  fill  the 
place  made  vacant  by  the  resignation  of  Professor  Keeler. 

Before  Professor  Keeler  left  us  he  had  made  a  carefully  prepared 
plan  for  a  new  Observatory.  Professor  Wadsworth  at  once 
took  a  deep  interest  in  working  out  the  details  of  the  proposed 
new  building  and  after  spending  the  best  part  of  a  year  on  the 
plans,  he  has  given  to  us  to  the  most  minute  detail  a  building  in 
which  the  science  of  astrophysics  can  be  studied  as  never  before, 
a  building  large  as  it  is,  has  every  nook  and  comer  suited  to 
carrying  out  some  problem  in  the  new  astronomy  of  which  there 
are  vast  fields  yet  unexplored,  and  in  which  our  new  director,  let 
us  hope,  may  reap  a  harvest  of  discovery  yet  undreamed  of. 
Professor  Wadsworth  comes  to  us  as  Professor  Keeler's  first 
choice.  He  has  already  made  many  important  researches  in  the 
realms  of  astrophysics.  He  has  labored  day  and  night  for  the 
success  of  the  new  Obser\'atory,  and  we  only  trust  that  with  his 
indomitable  will  and  energy  he  will  not  pass  the  elastic  limit  and 
break  down  ere  his  work  is  finished. 

Our  architect,  Mr.  T.  E.  Billquist,  has  put  many  hours  of  faith- 
ful work  into  the  development  of  the  exterior  beauty  and  com- 
pleteness of  the  building  throughout,  and  we  trust  when  it  is 
finished  it  w^ill  be  an  honor  to  him  and  his  craft,  and,  may  I  add, 
that  if  the  remainder  of  the  Observatory  is  constructed  by  the 
contractors  with  the  same  fidelity  and  good  workmanship  that 
has  characterized  the  work  already  done,  we  shall  have  a  build- 
ing that  will  stand  the  storms  for  centuries. 

The  Observatory  committee  of  the  board  of  trustees  of  the 
university  wish  also  to  speak  of  the  generous  manner  in  which 
the  officers  of  the  city  government  have  treated  us.  Mr.  McAfee, 
Mr.  Fulton  and  Mr,  Brown  have  done  everything  in  their  power 
to  facilitate  our  work.  A  six-inch  water-main  has  been  laid  to 
the  very  door  of  the  Observatorj-,  and  Mr.  Fulton  has  been  un- 
tiring in  his  efforts  to  help  us  on  to  ultimate  success. 

Our  site,  so  kindly  given  us  by  those  of  our  citizens  who  pur- 
chased the  park  for  the  city  and  deeded  it  to  us  forever  for  the 
Observatory,  is  one  almost  unsurpassed  for  the  beauty  of  its  scen- 
ery, and  as  the  prevailing  winds  bring  us  but  little  smoke,  we 
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think  we  have  reason  to  be  hopeful  for  a  continuance  of  the  splen- 
did work  of  the  old  institution.  Our  work  will  proceed  as  rap- 
idly  as  material  can  be  secured,  and  by  this  time  a  year  hence  we 
hope  to  see  the  completion  of  the  building,  although  we  can 
scarcely  expect  to  have  the  instrumental  equipment  finished  by 
that  time,  but  this  instrumental  equipment  has  been  thoroughly 
worked  out  by  our  director  with  especial  reference  to  a  continu- 
ance of  studies  of  yet  unsolved  problems  in  the  domain  of  as- 
tronomy and  astronomical  physics. 

One  department  of  the  Observatory  we  propose  shall  be  open 
day  and  night  to  the  students  in  the  high  schools  and  higher 
grades  of  the  common  schools  in  both  cities,  and  to  every  citizen 
who  wishes  to  enjoy  the  fragrance  of  the  "  flowers  of  the  sky." 
When  all  is  complete, 

"Then  will  holy  science,  putting  off 
Earth's  duat;  aandals  from  her  radiant  feet, 
Survey  God'a  beauteous  firmament  unrolled 
Like  a  book  new  writ  in  golden  words. 
And  turn  the  aznre  scroll  with  reverent  hand 
And  read  to  man  the  wonders  God  hath  wrought." 


TOTAL  ECLIPSE  OF  THE  SUN  MAY  28,  1900.» 


Four  days  before  the  eclipse,  I  joined  the  Trinity  College  party 
at  Winton  and  set  up  my  instruments  beside  theirs,  on  the  edge  of 
a  bluflF  40  feet  high,  on  the  southwest  bank  of  the  Chowan  river, 
here  750  feet  wide.  This  location  was  a  fine  one  for  observing 
every  Eispect  of  the  eclipse,  for  it  gave  a  perfectly  clear  view  of 
the  eastern  sky,  across  a  wide  expanse  of  water. 

My  instruments  consisted  of  a  4~inch  photographic  telescope, 
to  the  upper  end  of  which  was  attached  a  2-inch  visual  telescope. 
The  photographic  object-glass  had  a  focal  length  of  58  inches, 
and  gave  an  image  of  the  Moon  0.52  inches  in  diameter  on  a  4- 
by  5-inch  plate.  The  tube  was  of  wood  6  inches  square  and  was, 
ot  course,  nearly  5  feet  long. 

The  visual  telescope  had  an  object-glass  of  1.97  inches  clear 
aperture  and  22  inches  focal  length,  and  the  Miller  solid  achro- 

"  A  short  account  with  rough  illustration  was  published  in  the  Hartford 
Ci)urant  of  June  2d,  and  also  in  the  Trinity  College  Bulletin  No.  2,  for  July,  1900. 

Observations  were  made  at  Winton.  North  Carolina. 
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matic  eyepiece  used,  gave  a  field  of  view  2°  10'  in  diameter,  and 
•a  magnifying  power  of  18.  The  field  of  view  was  therefore  equal 
to  four  diameters  of  the  Moon, 

Both  telescopes  were  made  to  follow  the  motion  of  the  Sun,  by 
a  simple  contrivance.  The  upper  end  of  the  wooden  tube  rested 
on  a  polar  axis,  while  its  lower  end  heavily  weighted,  rested  on  a 
4-inch  piston  traversing  a  cylinder  filled  with  oil.  The  cylinder 
was  thickly  jacketed  to  prevent  external  changes  of  temperature 
from  affecting  the  viscosity  of  the  oil.  The  speed  with  which  the 
piston  descended  through  the  oil,  was  regulated  by  a  small  valve. 
This  method  of  supporting  the  tube  at  both  ends  was  very  satis- 
factory, giving  great  steadiness  and  Ireedom  from  vibration,  but 
its  rate  of  motion  was  not  quite  perfect. 

All  was  mounted  on  a  heavy  tripod  7  feet  high,  bolted  to 
stakes  driven  firmly  into  the  ground  and  having  a  plumb-bob 
swinging  seconds  suspended  from  its  apex. 

Previous  to  the  eclipse  the  following  program  for  the  99 
seconds  of  totaliiy  was  planned  aud  rehearsed,  until  its  perform- 
ance became  automatic : 

1st.  8  seconds  for  a.  general  naked-eye  view  of  the  spectacular 
aspects  of  the  eclipse. 

2nd.  74  seconds  for  taking  six  photographs  of  the  corona, 
with  exposures  varying  from  14  second  on  slow  plates  to  20 
seconds  on  rapid  plates,  and  during  the  20  seconds  exposure,  to 
have  another  and  longer  naked-eye  view  of  the  echpse, 

3d,  18  seconds  for  a  view  of  the  corona  through  the  2-inch 
telescope. 

Unfortunately  this  program  was  exactly  carried  out,  for  al- 
though five  of  the  photographs  proved  perfect,  it  was  a  great 
mistake  to  give  so  much  time  to  photography,  and  so  little  to 
the  view  through  the  wide  field  telescope. 

During  totality,  the  atmospheric  conditions  were  phenome- 
nally perfect. 

1st.  There  was  a  dead  calm  accompanied  by  an  impressive . 
stillness,  that  many  remarked  could  actually  be  felt. 

2nd.  The  air  was  remarkably  clear  and  transparent.  There 
wfis  not  a  single  cloud,  nor  a  trace  of  haze,  smoke  or  whitish 
film  in  the  sky. 

3d,  Best  of  all,  the  telescopic  seeing  was  perfect.  Through 
the  telescope  not  a  single  tremor  of  the  atmosphere  was  noticed. 

During  the  partial  phase,  I  had  carefully  avoided  looking  at 
the  Sun  or  at  any  bright  object,  in  order  that  during  totahty  my 
retina  should  be  as  sensitive  as  possible  to  faint  objects.    Near 
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second  contact  I  kept  my  eyes  fixed  upon  the  ground  and  saw 
the  feeble  sunlight  die  rapidly  away,  with  a  sort  of  trembling 
motion,  until  it  disappeared  entirely  and  it  was  evident  that  to- 
tality had  commenced,  I  then  looked  up  at  the  eclipse  and  saw 
the  corona  different  from  what  was  expected :  There  was  no 
very  bright  inner  corona,  but  only  a  pale  greenish-yellow  glow 
uniformly  surrounding  the  Moon,  This  halo  was  brightest  at 
at  the  limb,  and  faded  rapidly  away  until  lost  to  sight  at  a  dis- 
tance of  about  one-quarter  of  the  Moon's  diameter. 

The  outer  corona  though  much  paler,  was  very  distinct,  and 
instead  of  being  hazy  and  of  indefinite  outline,  had  as  hard  and 
definite  boundaries,  and  appeared  of  almost  as  uniform  a  tint  as 
if  cut  from  cardboard.  It  gave  the  effect  of  two  wings,  extend- 
ing east  and  west  from  behind  the  Moon,  each  to  a  distance  of 
about  two  and  one-half  diameters,  and  had  a  lively  or  active 
look  that  gave  to  the  Sun  the  appearance  of  flj'ing. 

The  naked-eye  view  of  the  eclipse  was  very  impressive,  particu- 
larly the  unnatural  blue-black  color  of  the  sky,  and  the  much 
blacker  disk  of  the  Moon,  with  the  coronal  wings  extending 
from  behind  it.  The  general  darkness  was  much  greater  than 
that  at  full  Moon,  for  it  was  difficult  to  see  the  swinging  plumb- 
bob,  but  the  general  illumination  of  the  sky  was  much  greater, 
for  only  one  fixed  star  could  be  seen  by  any  of  our  party.  The 
light  on  the  landscape  came  from  the  widely  diffused  light  in  the 
sky  from  beyond  the  Moon  and  from  a  faint  brownish  illumina- 
tion of  the  sky  near  the  horizon,  and  but  little  came  firom  the 
corona  itself. 

The  view  through  the  telescope,  however,  was  far  grander  than 
the  naked-eye  view  and  most  awe-inspiring.  Around  the  Sun 
was  an  appearance  that  almost  made  one  exclaim,  "the  Sun  is 
an  enormous  magnet,  alive  and  hard  at  work." 

I  made  an  attempt  to  represent  the  general  effect  of  this  first 
view,  and  although  doing  so  with  some  degree  of  accuracy,  it  but 
faintly  indicates  the  beauty,  grandeur  and  solemnity  of  the  great 
action  going  on  all  around  the  Sun, 

At  the  first  look  it  was  perfectly  obvious  that  the  bright  ball  of 
the  Sun  was  wholly  hidden  behind  the  black  disk  of  the  Moon. 
Emanating  from  it  in  all  directions,  but  not  all  radially,  were  an 
almost  infinite  number  of  pink  and  greenish-yellow  forms  of 
various  degrees  of  luminosity,  that  as  a  whole  formed  an  oblate 
spheroid,  enveloping  the  Sun. 

The  apparent  elliptical  outline  of  the  spheroid  extended  2°  in' 
the  direction  of  the  Sun's  equator,  and  %°  in  the  direction  of  the 
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Sun's  poles.  Its  whole  volume  was  full  of  these  strange  fonns, 
most  of  them  seen  in  perspective,  that  made  it  seem  to  round  up 
toward  the  eye,  in  a  very  striking  manner. 

With  the  exception  of  eight  self-luminous  "  stalks  "  rising  from 
each  polar  region,  these  forms  appeared  to  consist  of  three  dis- 
tinct kinds : 

1st.  Long  quiescent  pink  streamers  rising  from  both  polar 
regions  and  arching  away  to  right  and  left,  in  curves  that  at  the 
moment  gave  the  impression  of  being  magnetic. 

2nd,  Short  quiescent  pink  stems  with  enlarged  tops,  standing 
out  radially  from  the  southwest  limb  of  the  Sun  like  a  fungus 
growth. 

3d.  Projected  greenish-yellow  wings,  rays,  fountains  and 
wisps,  thrown  out  of  the  Sun  in  every  direction,  and  at  all  sorts 
of  angles  so  as  often  to  cross  each  other,  all  showing  decided  per- 
spective and  making  as  a  whole  an  intricate  and  involved  mass. 
Some  of  them  were  brighter  and  some  were  darker,  than  the 
mass  of  similar  forms  composing  the  background  against  which 
they  were  seen.  Some  and  perhaps  all  of  the  dark  ones  were  not 
rifts  between  the  bright  ones,  but  were  actually  composed  of 
darker  material  as  proved  by  the  appearance  and  arrangement 
of  the  minute  filaments  of  which  they  were  composed.  Although 
the  color  of  most  of  them,  when  examined  separately  appeared 
greenish-yellow,  some  near  the  plane  of  the  equator  seemed  pink, 
and  the  general  effect  of  them  all  was  pinkish. 

Of  course  it  was  impossible  to  tell  whether  the  filaments  of 
these  jets  T.vere  really  in  rapid  motion  or  were  so  in  appearance 
only,  for  not  the  slightest  motion  w^as  noticed ;  nor  could  have 
been  detected  during  the  almost  instantaneous  glimpse  of  them 
obtained,  had  their  velocity  been  even  at  housand  times  greater 
than  that  of  a  common  ball. 

All  three  kinds  of  forms  had  the  remarkable  characteristics : 

1st.  They  had  a  peculiar  crispness  of  appearance  unlike  any 
other  object  with  which  I  am  acquainted. 

3nd.  Thej-  consisted  of  an  excessivelj-  attenuated  kind  of 
matter;  as  was  proved  both  by  their  reflecting  so  little  light,  and 
by  their  being  apparently  entirely  uninfluenced  by  the  attraction 
of  gravitation. 

3rd.  They  were  all  practicallj'  perfectly  transparent,  so  that 
any  number  of  them  could  be  seen  through  each  other. 

4th.  When  looked  at  attentively,  only  one  set  of  forms  could 
be  seen  at  once ;  all  the  others,  even  those  situated  in  the  same 
line  of  sight,  becoming  invisible.    This  phenomenon  was  particu- 


.y  Google 


554  Total  Eclipse  of  the  Sun  May  25,  1900. 

larly  noticed  at  the  sonth  pole,  where  three  or  four  sets  of  forms 
appeared  superposed — viz.,  the  white  stalks,  long  pink  streamers, 
dark  jet  and  explosive  rays.  When  either  of  them,  it  did  not 
matter  which,  was  looked  at  attentively,  that  one  could  be  seen 
with  perfect  distinctness,  but  the  others,  for  the  time  being,  were 
invisible. 

In  the  first  general  view  of  the  corona,  the  most  conspicuoas  of 
the  projected  forms  were  four  broad  wings,  that  rose  from  the 
Sun  at  about  latitude  65°  and  arched  away  to  right  and  left  in 
beautiful  curves ;  as  if  the  matter  composing  them,  was  acted  on 
by  an  intense  force  that  repelled  it  from  the  poles  and  compressed 
it  toward  the  plane  of  the  equator.  Their  appearance  was  not 
that  of  a  thin  sheet,  but  they  seemed  to  round  up  towards  the 
eye  as  if  having  considerable  volume. 

Only  two  other  of  these  projected  forms,  happen  to  catch  my 
attention,  although  they  probably  were  not  more  conspicuous 
than  many  others.  The  first  was  a  broad  smooth  bright  wing, 
decidedly  pinkish  in  color,  extending  from  the  south  equatorial 
region  towards  the  east,  but  cut  off  from  the  Sun  by  a  darker 
wing  that  seemed  to  pass  diagonally  across  it.  The  second  was 
a  decidedly  dark,  fountain  shaped  jet,  of  a  clear  greenish-brown 
or  gold  color,  projected  somewhat  diagonally  from  a  little  west 
of  the  south  pole.  It  had  a  rather  broad  base  and  ran  up  to  a 
sharp  point,  and  appeared  somewhat  more  than  one-third  of  the 
Sun's  diameter  high.  It  was  full  of  a  sort  of  ruffled  up  detail, 
made  up  of  minute  short  filaments  seen  with  the  most  perfect 
distinctness.  It  curved  slightly  away  from  the  pole  and  showed 
strong  indications  of  perspective  as  if  inclined  towards  the  eye. 

While  examiningthis  dark  jet  I  saw  manv  other  nearly  straight 
bright  greenish-yellow  raj-s  composed  of  tJie  same  kind  of  short 
filaments,  apparently  thrown  off  by  the  Sun  radially  to  beyond 
the  limits  of  the  spheroid- 

This  filamentous  structure  was  seen  with  wonderful  distinct- 
ness, although  it  was  so  fine  as  to  be  about  at  the  limit  of  vision. 
The  filaments  all  seemed  to  be  of  about  the  same  size,  600  miles 
in  diameter  by  800  miles  long.  They  ranged  about  longitudi- 
nally along  the  jets,  not  smoothly  as  if  combed,  but  bunched 
together  more  in  some  places  than  in  others.  They  were  not 
straight  and  geometrical  but  were  bent  slightly  in  groups. 

The  only  surface  I  have  seen  since  the  eclipse  giving  a  some- 
what similar  efiect,  is  that  of  a  field  of  coarse  grass  gone  to  seed, 
with  each  high  stem  ending  in  a  cylindrical  tuft.  When  these 
tufts  stand  so  high  and  numerous  that  no  blades  of  grass  show 
among  them,  the  field  has  a  certain  resemblance  to  this  filament- 
ous structure. 

<To  be  continued.) 
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The  complete  accotmt  of  Dr.  Wilsiag's  important  work  on  the  spcctram  of 
Nova  Aarigse  coDBtitates  No.  40  of  the  Potsdam  Obserratory  Publications.  The 
characteristic  doable  lines  of  the  Novae,  each  haying  a  bright  and  a  dark  com- 
ponent, are  described ;  and  against  the  prevailing  explanation,  that  this  appear- 
ance resnlts  from  two  unlike  stellar  components  moving  with  great  relative  ve- 
locity, strong  objections  are  urged.  Dr.  Wilsiug's  experiments  are  described  in 
which  he  has  succeeded  in  producing  artificially  lines  practically  identical  in  struc- 
ture with  those  of  the  Novae. 

Professor  W.  H.  Pickering,  in  his  study  of  Swift's  comet,  1892  I,  (Harvard 
Annals,  Vol.  33  Pt.  2;  Nature,  Sept.  20)  finds  that  the  spectrum  photographs 
show  an  intense  and  very  narrow  line  about  X  3890, 'with  no  indication  of  hydro- 
gen lines. 

Professor  Campbell  contributes  to  theBaWet/n  of  the  Astronomical  Society  of 
the  PaciSc,  No.  75,  an  account  of  his  expedition  to  Georgia  to  observe  the  eclipse 
of  May  2S.  Hia  spectroscopic  observations  indicate  that  the  matter  radiating 
the  green  light  is  conspicuously  heaped  up  in  the  sunspot  zones ;  that  the  position 
of  the  gnen  corona  line  is  at  X  5303 ;  and  that  the  spectrum  of  the  inner  corona 
is  free  from  dark  lines.  

The  report  of  Her  Majesty's  Astronomer  at  the  Cape  of  Good  Hope  for  the 
year  1899  states  that  Mr.  Lnnt  has  charge  of  the  McClean  telescope  and  the 
work  of  the  Aatrophysical  department,  and  that  Mr.  Bergh  has  assisted  at  the 
McClean  telescope.  The  report  refers  briefly  to  the  return  of  the  photographic 
objective  for  correction  of  faults  of  color-correction,  and  to  the  papers  communi- 
cated to  the  Royal  Society  on  the  occurrence  of  lines  of  oxygen  and  silicon  in 
certain  star  spectra. 

Mr.  Aitken  {Bulletin  of  the  AatroaomicaJ  Society  of  the  FaciSc,  No.  75),  ex- 
amining Capella  with  the  great  Lickretractor  on  occasions  of  greatest  separation 
of  the  spectroscopic  components  and  under  favorable  ci 
able  to  detect  the  least  evidence  of  visual  duplicity. 


It  would  seem,  then,  that  k  Pegaai,  after  this  second  and  very  surprising  at- 
tempt to  displace  it,  is  to  remain  for  the  present  the  shortest  known  visual 
binatyi  Professor  Campbell  {Bulletin  Aatron.  Soc.  PaciSc,  No.  76)  finds  that 
one  of  its  components  is  a  spectroscopic  binary.  The  components  are  ao  close 
that  be  has  not  been  able  to  determine  definitely  which  of  them  is  the  spectro- 
scopic binary,  though  it  is  probably  the  one  which  is  stronger  in  the  blue  end  of 
the  spectrum.  The  period  of  the  bright  star  about  its  invisible  companion  is 
about  6  days.  There  are  certain  changes  in  the  character  of  the  spectrum  not 
yet  determined. 

PLANET  NOTEd  FOB  DECEMBEB. 


Mernuy  will  be  at  greatest  elongation  west  from  the  Sun  20°  50',  Dec.  7, 
and  ao  will  be  visible  as  morning  star  during  the  first  two  weeks  of  the  month. 
One  must  look  for  it  toward  the  southeast,  near  the  horizon,  from  an  hour  to  a 
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half  boor  before  sunrise.    Mercury  -will  be  in  conjunction  with  the  Moon  Dec.  20 
at6A.il.,  with  Uranns  Dec.  22  at  9  a.  u.  and  with  Jupiter  Dec.  30  at  10  a.  u. 

Veaus  rises  about  4  a,  u.  and  is  near  the  meridian  between  9  and  10  o'clock 
in  the  forenoon,  'when  the  planet  may  be  seen  without  the  aid  of  a  telescope 
although  her  brightness  ia  onlj  about  one-third  of  that  In  August  last.  Venus 
and  the  Moon  will  be  in  conjunction  Dec.  19  at  1  a.  m. 


apgWOH    BJBQjT 


*ODTH  BOWBOK 

The  CoNsTBiXATiONS  at  9  p.  u.,  Dbceubbr  1,  1900. 

Afars  must  have  been  recognized  by  all  who  watched  for  the  Leonid  meteors, 
as  the  bright  ruddy  atar  which  deformed  the  handle  of  the  "  Sickle  "  inJ>o.^The 
planet  is  a  little  brighter  than  Regolns  and  therefore  of  the  first  magnitude  or 
brighter.    The  diameter  of  its  disk  is  a  little  over  8"  and  will^increaae  daring 
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December  to  nearly  11".  Mars  will  be  in  conjanction  with  the  Moon  Dec.  12  and 
with  the  star  I  Leonis  Dec.  16  at  8  a.  m.,  at  which  latter  time  the  star  will  be 
only  6'  north  of  the  planet. 

Jupiter,  Saturn  and  Uranus  are  behind  the  Snn,  superior  conjunction  occnr- 
ring-  for  Uranna  on  Dec.  5,  for  Jupiter  Dec.  14  and  for  Saturn  Dec.  29. 

Neptnne  comes  to  opposition  Dec.  19  and  so  is  in  best  position  for  obeerra- 
tion.  Its  place  Dec.  15  is  R.  A.  5''  ol"  12' ;  Ded.  +  22°  11'.  Its  motion  during 
the  month  is  westward,  amounting  to  a  little  less  than  one  degree. 


:.    6  Full  Moon 5  02  p 

13  Last  Quarter 11  28 

21  New  Moon 7  21  a 

28  First  Quarter 11  27 


eaij 

R 

4ft  A, 

„ 

11 

55    ' 

4 

St7p. 

M. 

12 

43  a. 

Occultations  Visible  at  Waahlngtoi 

a.T't  MskqI- 


BMBRStON. 
T.  f  m  S  pt.      tion. 


5.7 

16    36 

88 

17    25 

259 

4    ISTauri 

5.7 

13    01 

122 

13    58 

?.9.7 

4    14Tanri 

6.3 

13    54 

141 

14    33 

ail 

6    rTanri 

3.3 

8    05 

51 

9    00 

299 

9    A^Cancri 

6.0 

17    56 

87 

18    59 

325 

10    -Leonis 

5.9 

14    42 

123 

16    10 

296 

12    55  Leonis 

6.2 

11    37 

175 

12    04 

22fi 

12   pi  Leonis 

5.4 

16    33 

110 

18    00 

316 

17    lOLibrK 

6.5 

14    30 

78 

15    20 

319 

27    icPiscium 

4.7 

7    04 

74 

8    14 

229 

27    9Piscium 

6.6 

7    19 

115 

8    01 

189 

COMET  AND  ASTEROID  NOTES. 

Comet  1894  TV  (B.  Swift) — The  perihelion  passage  of  thiscomet  does 
not  occur  nntil  Feb.  13  next  but  it  will  then  be  involved  in  the  rays  bf  the  Son. 
A  finding  ephemcris  was  computed  bj  Mr.  F,  H.  Scares  beginning  with  July  23 
and  ending  with  Dec.  30.  The  comet  has  not  yet  been  found  and  there  is  but 
little  hope  that  it  may  be  picked  op  during  this  month,  the  circumstances  are  so 
unfavorable.  The  finding  ephemeris  for  December  is  as  follows: 
BerHu  Midnight.     R.  A.  Decl.  log  A  Aber.         Light. 
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Bphemerls  of  Broraen's  Comet. 
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Elements  of  Asteroid  (444)  Oyptis.— In  Bulletin  Astronontiqne  for 
September,  1900,  M.  L.  Fabry  gives  the  following  elements  of  this  planet,  based 
npon  71  obserrations  made  during  April,  May,  Jnne  and  July,  1899 ; 
Epoch,  May  30.5, 1899,  Paris  mean  time. 

Jlf  =  228    23    14.3 
»   =  151    48    57.81 
0  =196    12    3O.8h899.0 
/    =    10    13    43.51 
«    =      9    59    24.0 
/I    =769".234 
log  A    =0.442632 
Magnitude  of  planet:    7.7  +  5  (log  A  -|-  logr). 


GENERAL  MOTES. 


It  is  oar  expectation  now  to  have  the  January  number  of  this  publication 
ready  for  mailing  about  December  20.  All  articles  intended  for  that  issue  should 
be  sent  on  or  betbre  the  10th  of  December. 


The  Adjustment  of  the  Equatorial.— We  are  very  sorry  that  our 
supply  of  type  for  our  new  printing  office  did  not  reach  ns  in  time  to  enable  us 
to  print  in  this  number  all  of  the  second  part  of  Dr.  Laves  interesting  article  on 
the  adjustment  of  the  equatorial.  The  remainder  will  appear  in  the  next  issue. 
The  article  as  a  whole  is  just  what  some  of  our  readers  have  been  seeking,  for 
some  time  in  the  past. 


Military  Rank  of  Professors  of  the  U.  S.  Naval  Observatory.— 

In  our  article  in  the  August  and  September  numbers  of  Popular  AsTROKOirr  we 
.gave  the  military  rank  of  Professors  of  Mathematics  in  the  U.  S.  Navy,  and  we 
intended  also  to  give  the  pay  of  the  same;  but  the  manuscript  was  mislaid  and 
is  appended  here.  It  is  from  the  Navjr  Register,  January,  1899.  The  Navy  Per- 
.sonel  Bill  of  1900  may  have  changed  a  very  little  if  at  all. 

First  five  years  after  date  of  commission,  at  sea,  $2,400;  on  shore  duty, 
-$2,400;  on  leave,  $1,600. 

Second  five  years  after  date  of  commission,  at  sea,  $2,700;  on  shore  duty, 
.$2,700;  on  leave,  $1,800. 

Third  five  years  after  date  of  commission,  at  sea  $3,000;  on  shore  duty, 
.$3,000;  on  leave,  $2,100. 

After  fifteen  years  from  date  of  commission,  at  sea,  $3,500 ;  on  shore  dnty, 
.$3,&00 ;  on  leave,  $2,600. 

It  will  be  seen  that  these  salaries  compare  favorably  with  those  paid  to  pro- 
fessors of  mathematics  in  many  of  our  wealthy  colleges,  and  have  the  advantage 
of  being  Ji£  positions.    The  above  table  ^ves  thepay  of  those  only  on  the  «ct(rc 
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The  Use  of  the  Retteau.— In  Bnlletin  Astroaomique  for  September,  1900, 
M.  K.  Bohlin  gives  an  account  of  aome  interesting  researches  upon  the  errors  of 
the  risean,  used  for  meaanrtng  stellar  photographs,  and  incidentallj  brings  out 
the  tact  that  the  distortions  of  the  photographic  film,  which  the  r€seau  was 
originally  intended  to  detect,  were  almost  insensible. 

He  says;  "The  rfeeaux  recently  constructed  by  M.  Gautier  have  received  a 
very  high  degree  of  perfection,  leaving  it  almost  superfluous  to  determine  the 
errors  of  the  individual  lines.  In  the  introduction  to  the  flrst  volume  of  the 
Pbotograpbiacbe  Himmehkarte,  Zone  +  31°  bis  +  40°  Dekliaatioa,  M.  J. 
Scheiner  has  given  the  results  of  researches  on  the  rfsean  Gautier  No.  47,  belong- 
ing to  the  Observatory  of  Potsdam.  The  high  precision  of  the  rfseau  is  con- 
firmed very  strongly  by  these  measures.  So  M.  Scheiner  bas  come  to  the  con- 
clusion that,  for  the  measures  of  the  chart  of  the  sky,  the  errors  of  the  r^au  are 
quite  insensible. 

At  the  Observatory  of  Upsala  they  have  also  made  a  determination  of  the 
errors  of  the  r^an  which  belongs  to  that  Observatory,  and  it  is  reported  that 
this  rfseau  is  as  perfect  as  that  at  Potsdam.  For  this  reason  they  have  referred 
the  measures  to  two  central  lines  and  to  four  other  lines  forming,  so  to  speak, 
the  frontier  of  the  rfseau.  The  total  number  of  lines  being  50,  this  reduction  of 
the  work  necessary  to  the  determination  of  the  rfseau  is  very  notable. 

"Having  begnn  at  our  Observatory  a  determination  of  the  corrections  to  the 
measuring  apparatus  and  the  rfseau  by  Gautier,  we  have  likewise  established  the 
great  precision  of  the  r^seau  employed.  We  have,  bovrever,  thought  that  we 
shonld  determine  the  corrections  not  only  to  the  diflerent  lines  of  the  original 
i^seau  but  also  of  copies  made  on  photographic  plates.  So  we  have  measured 
thns  far  six  plates  on  which  the  riseau  was  photographed  in  the  usual  manner, 
placing  the  r^seau  holder  at  the  focua  of  the  photographic  objective  of  the  refrac- 
tor. At  the  same  time  with  this  determination  measures  have  been  made  on  the 
same  lines  on  the  original  r^sean.  The  comparison  of  these  two  series  of  obser- 
vations  brings  to  light  a  circnmstance  which  does  not  appear  to  have  been  aoffi- 
dently  considered  before." 

Here  M.  Bohlin  gives  four  tables  showing  the  individual  measures  along  two 
lines  of  the  original  r^seau  and  the  six  copies,  in  which  the  mean  of  the  six  meas- 
ures of  the  original  r^au  shows  an  error  greater  than  0".05  in  only  one  case, 
the  majority  of  the  errors  being  only  O."02  or  0".O3.  The  means  of  measures  of 
the  sii  copies  on  the  aamc  lines  give  slightly  larger  corrections,  the  largest  being 
0".17.  The  differences  between  the  individual  measures  of  the  six  copies  are  no- 
greater  than  those  of  the  six  measures  of  the  original,  but  for  certain  points  on 
the  lines  there  are  errors  which  appear  to  be  systematically  common  to  all  the 
copies.  These  cannot  be  due  to  distortion  of  the  photographic  film,  which  would 
be  likely  to  affect  the  same  points  on  diflerent  copies  with  errors  of  different  signs 
and  so  be  eliminated  from  the  mean  of  six.  They  are  rather  to  be  traced  to  some 
'  ineqnaUty  of  density  or  other  imperfection  in  the  plate  of  glass  upon  which  the 
rfseau  is  mled  and  through  which  the  light  must  pass  in  making  the  copy.  The 
largest  error  of  this  sort  given  in  the  measures  is  0".17,  all  six  copies  agreeing  in 
giving  an  error  with  the  same  sign,  where  the  error  of  the  same  point  in  the 
original  r<aeau  is  only  0".01.  It  would  seem  better,  therefore,  to  determine  the 
errors  of  a  number  of  copies  of  the  rfseau  for  practical  use  than  those  of  the 
original  itself. 

M.  Bohlin  draws  the  following  conclusions  from  his  measures : 
1,    "The  probable  errors  are  very  satisfactory  and  small  enough  to  guaran- 
tee the  reality  of  the  meana. 
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2.  "  The  corrections  to  the  original  rf seau  are  almost  inse  naible. 

3.  "The  corrections  to  the  copies  are  greater  than  those  to  the  original  and 
are  Tery  irregular. 

1.  "  The  probable  errors  being  essentially  erf  the  same  magnitude  in  both 
cases,  one  may  conclude  that  the  real  deiarinations  of  gclatino bromide  film  on 
glass  (platea  of  Lumiire  and  Son)  are  a/most  inaeasibk." 

The  last  conclusion  will  be  rerj  eaconraging  to  those  who  are  working  in  the 
line  of  celestial  photographj  without  the  use  of  a  r^seau.  H.  c.  w. 

Reproductions  of  Star  Charts.— In  the  snpplementary  number  for 
1900  of  Montb!y  Notices  of  the  Royal  Astronomical  Society,  Professor  Turner 
gives  a  valuable  note  on  the  "Accuracy  of  the  Star  Charts  Published  by  the 
French  Observatories  as  Reproductions  of  their  Plates  for  the  Astrographic 
Chart."  These  charts  are  large  paper  sheets,  reproducing  by  heliogravure  tbc 
long  exposure  plates  on  a  scale  of  2°'"  to  1'  (twice  that  of  the  original  negatives). 
Professor  Turner  says  that  these  reproductions  are  very  beautiful  but  apparently 
somewhat  expensive,  and  estimates  that  it  would  coat  each  of  the  observatories 
taking  part  in  this  great  work  about  $50,000  to  reproduce  their  plates  in  this 
manner.  He  questioned,  therefore,  whether  the  charts  will  be  of  sufficient  accu- 
racy to  warrant  the  outlay,  and  has  had  a  portion  of  one  of  the  Paris  reproduc- 
Idons  measured  roughly  and  compared  with  an  Oxford  original  plate  of  the  same 
region.  The  results  were  unexpectedly  gratifying,  seeming  "to  indicate  that  we 
eaagtt  star  places  from  paper  charts  at  least  as  good  as  those  obtained  with 
meridian  instruments. ' ' 

In  view  of  the  probable  accuracy  of  the  charts  Professor  Turner  suggests 
that  no  hand  work  should  be  allowed  in  their  reprodnction,  such  as  the  retouch- 
ing of  weak  images  and  the  insertion  of  omitted  stars,  for  this  cannot  be  done 
with  anything  like  the  accuracy  of  the  purely  photographic  priKess.    H.  c.  w. 


The  Collins*  Monoplane  Telescope.— The  writer  of  the  letter  appear- 
ing in  the  last  issue  of  Popular  Astronomy,  criticising  the  Collins'  Monoplane 
T^leacbpe,  is  evidently  under  some  misapprehension  as  to  the  optical  arrange- 
ment of  this  new  form  of  telescope. 

There  are  no  "oblique  rays"  to  b;  dealt  with,  n:ith;r  are  spxial  eyepieces  re- 
quired. The  glass  employed  by  the  Messrs.  Collins,  throughout  their  instru- 
ment, is  of  one  kind  only — crown  of  uniform  density.    A  crown  and  flint  combi- 

A.  diagram  and  farther  particulars  of  the  optical  arrangement  of  one  particu- 
lar form  of  the  instmment  that  has  been  made  with  aperture  of  4  inches, 
equivalent  focus  of  10  feet,  and  but  28  inches  total  length,  inclnding  dew  cap,  is 
shown  in  the  November  number  of  Knowledge  (English)  page  2S2. 

W.  B.  UITSSON, 

Sec'y  of  the  Toronto  Astronomical  Society. 


The  Present  Opposition  of  Kros  (433).— P.  Stroobant,  adjunct  as- 
tronomer with  the  Royal  Observatory  of  Belgium  at  Brussels,  has  recently  pre- 
pared a  very  usetid  pamphlet  of  about  fifty  pages,  printed  in  French  pertaining 
to  the  present  opposition  of  the  Uttle  planet  Eros.  In  a  few  introductory  pages 
facts  about  the  discovery  and  special  features  of  the  orbit  of  the  planet  are  given, 
with  a  neat  graphical  illustration.    Then  follow  a  set  of  usefid  tables  and  six 
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large  plates.  The  tables  are  essentiallj  those  being  published  from  month  to 
month  in  this  journal.  The  plates  give  the  path  of  the  planet  from  Oct.  16, 
1900  to  Jan.  31, 1901,  on  a  scale  of  about  %  of  an  inch  to  one  degree  in  declina- 
tion, and  about  11/16  of  an  inch  to  4"  in  right  ascension.  This  pamphlet  will 
save  oboerrers  much  time  in  platting  the  path  of  Eros. 

Eros  ObserTations  at  I<eander  McConnlck  Obaervatory.— Pro- 
fessor Ormond  Stone,  director  of  the  Leander  McCormick  Observatory  Univereity 
of  Virginia,  Charlottesville,  Va.,  had  obtained  up  to  the  first  of  November,  43  sets 
of  positions  of  the  planet  Eros,  by  the  aid  of  the  micrometer  with  the  26-inch 
refractor,  of  which  about  half  will  be  available  for  parallax  determinations. 

BroeObservatlonB  at  LaddOloeenrAtory.— Professor  WinslowUpton, 
director  of  Ladd  Observatory  of  Brown  Univn^ity,  Providence,  R.  I.,  reports 
that  micrometer  observations  have  been  made  with  the  12-inch  equatorial  each 
dear  evening  for  position,  and  that  special  detenmnationB  of  the  position  of  the 
little  planet,  in  right  ascension,  by  conq>arisoii  with  neighboring  stais,  are  made 
each  evening  and  morning.  The  latter  are  made  by  a  transit  reticle  of  11  lines, 
mkd  on  gioM,  and  the  times  recorded  on  a  chronograph.  The  observations  are 
made  in  duplicate  by  Professor  Slocnm  and  Professor  Upton. 

CMMervationB  of  Ero«  at  Northfield.— At  Goodsell  Observatory  of 
Carleton  College  the  planet  has  been  observed  at  each  opportunity  since  Sept. 
26.  The  general  plan  has  been  to  obtain  a  photograph  with  the  8-inch  photo- 
graphic refractor,  as  early  as  possible  in  the  evening,  then  a  aeries  of  micrometric 
measures  with  the  16-inch  retractor  and  finally  a  second  photograph  when  the 
planet  was  near  the  meridian.  Our  teaching  duties  prevent  us  from  working 
dming  the  whole  night,  so  that  it  has  been  thought  best  for  the  most 
part  to  omit  the  morning  observations.  A  few  morning  photographs,  however, 
have  been  obtained.  Early  evening  photographs  wWe  taken  Stpt.  26,  29,  Oct.  9, 
10,  11,  12,  16,  18,  19.  23,  24,  25,  26,  Nov.  1,  2,  7,  8,  10,  13,  15,  22  and  24;  me- 
ridian photographs  Sept.  26,  Oct.  5,  10,  11,  12,  16,  18,  19,  23,  24,  Nov.  13; 
morning  photographs,  Nov.  13,14,22.  Micrometric  measures  were  taken  from 
tbenearestatarof  at  least  the  11th  magnitude,  Sept.  26,  Oct.  10, 11,12,16,  17, 
18,  19,  23,  24,  25,  26,  Nov.  13,  22. 

The  planet  has  been  bright  enough  since  Oct.  IS  to  give  a  measurabfe  image 
upon  the  photograph  in  one  minute.  We  have  generally  made  five  exposures  on 
each  plate,  setting  the  guiding  star  in  succession  upon  the  four  comers  of  a  small 
rectangle  formed  by  four  threads  intersecting  near  the  center  of  the  eyepiece. 
The  fifth  exposure  is  a  duplicate  of  the  first,  but  the  asteroid  having  mowd  in 
'  the  mean  time  impresses  a  second  image  beside  the  first,  thus  making  one  comer 
of  its  rectangle  double,  while  those  of  the  stars  are  single.  It  is  ^easy  thus  to 
identity  the  asteroid.  On  two  occasions  we  have  used  the  asteroid  as  the  guiding 
star,  once  by  accident,  thesecond  time  by  design,  the  result  being  that  the  stars 
were  all  douWed  at  the  comer-of  the  rectangle  correspond ing-  lii  Alt/  d npticate  ex- 
posure, while  the  images  of  the  asteroid  were  all  round.  The  elongation  of  the 
asteroid  image  in  live  minutes  is  only  slight  and,  being  symmetrical,  can  be  meas- 
ured with  the  same  accuracy  as  if  it  were  round.  We  have,  however,  made  our 
exposures  in  the  following  order;  at  north  comer  of  rectangle  5"",  at  east  comer 
l",  at  south  comer  2",  at  west  comer  1"",  and  duplicate  at  north  comer  5"" ; 
so  that  the  measures  of  the  individual  images  can  be  easily  compared  with  the 
mean  of  all  and  thus  any  systematic  errors  noticed.  b.  c.  w. 
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Eros  Obserrationa  at  ChambeTHn  Observator:f,  tiajveraity 
Park,  Col. — Professor  H.  A.  Howe,  director  of  Cbaraberlin  Observatory  of  the 
Denver  University,  reports  that  forty  micrometrical  measures  of  4a  and  the  same 
number  of  4B  are  made  each  clear  week  night,  between  Eroa  and  one  or  more 

faint  companion  stars;  the  observations  are  divided  into  two  seta,  separated  by 
an  interval  of  abont  one  hour,  during  which  Profeaaor  Cbaa.  J.  Ling-  connects 
Eros  with  two  catalogued  stars.  One  of  the  companion  stars  is  also  related 
certainly  to  a  companion  star.  Occasionally  companion  stars  are  as  faint  as  the 
12th  magnitude,  because  no  brighter  stars  are  available.  Twenty-three  nights 
have  been  so  utilized  at  Chamberlin  Observatory,  an  excellent  start  in  the  paral- 
lax work  on  Bros. 


Laying^  the  Comer  Stone  of  tlie  Ne^v  Allegheny  Observatory. 

—The  comer  stone  of  the  new  Allegheny  Observatory  was  laid  October  20,  1900, 
with  appropriate  ceremonies.  A  large  audience  gathered  at  Riverside  Park,  in 
AUegbeny  on  that  occasion  which,  for  some  time  previously  had  been  in  anticipa- 
tion, in  view  of  its  novel  and  interesting  character.  During  the  exercises  of  this 
occasion  some  facts  came  out  that  are  especially  worthy  of  notice,  in  relation  to 
the  new  Observatory  and  the  astronomical  work  to  be  pursued  by  it  in  thefiiture.   ■ 

The  new  building  is  to  cost  about  $110,000.  The  material  is  to  be  of 
chiseled  granite.  The  ediAce'  will  be  over  200  feet  long  by  about  100  feet  wide, 
which  will  be  surmounted  at  the  ends  by  domes  in  which  the  telescopes  will  be 

J.  A.  Brashear,  the  head  of  the  well-knovm  firm  of  makers  of  optical  instru- 
ments at  Allegheny  presided  on  this  occasion  and  Dr.  W.  J.  Holland,  ex-chancellor 
of  the  University  of  Western  Pennsylvania  made  a  brief  address.  Among  other 
apt  things  he  said :  "  A  few  weeks  ago  I  was  in  Italy  and  met  there  a  British 
officer.  1  told  him  I  came  from  Allegheny.  He  thought  a  moment,  scratched  his 
bead,  and  said,  'Oh,  yes!  1  know  Allegheny;it  has  a  fine  Observatory — and  by  the 
way  isn't  there  a  town  called  Pittsburg  near  it  ?'  So  you  see,  the  fame  of  the 
Allegheny  Observatory  has  spread,  and  now  that  we  are  to  have  a  finer  and  better 
one,  the  world  will  be  brought  closer  in  contact  with  the  little  city  of  Allegheny." 

Next  followed  the  chief  part  of  the  programme,  the  historical  address  by  Mr. 
J.  A.  Brashear.  It  is  elsewhere  printed  in  full  in  this  number.  It  was  a  masterful, 
apt,  fitting  and  eloquent  setting  forth  of  the  merits  of  the  theme  most  dear  to  his 
heart.    The  right  man  was  chosen  for  this  task,  and  he  performed  it  right  royally. 

At  the  close  of  this  address  Mr.  Brashear  deposited  the  copper  box  in  the 
niche  prepared  for  it  and  the  great  comer  stone  was  lowered  to  its  place.  As 
Mr.  Brashear  stood  upon  it  he  fittingly  announced  the  names  of  a  long  list  of 
-donors  who  have  made  the  existence  of  the  new  Allegheny  Observatory  possible. 
All  lovers  of  astronomy  will  want  to  see  these  names.    They  follow : 

C.  G.  Hussey,  Thomas  M.  Howe,  William  Thaw,  Mary  Thaw,  Elizabeth  Thaw, 
J.  H.  Cooper,  H.  Childs,  W.  McClintock,  Robert  Robb,  J.  M.  Pennock,  Felix  R. 
Brunot,  W.  S.  Howe,  G.  W.  Cass,  James  Park,  Jr.,  B.  L.  Fahnestock,  C,  Yeager, 
D,  McCandless,  John  Dean,  W.  Bagaley,  H.  Harper.  J.  B.  Legget,  James  Patton, 
Matthew  Ferguson,  James  McCandless,  Joaiah  King,  Charles  H.  Pantser,  Alex. 
Speer,  William  McKnight.  Thompson  Bell,  J.  H.  Sboenberger,  James  Daliell,  O. 
P.  Scaife,  W.  Dilworth,  Isaac  Jones,  A.  Garrison,  Laird  Campbell,  George  A. 
Berry,  John  A.  Wilson,  William  Wilkins,  R.  B.  Sterling,  Joseph  Smith,  C.  W. 
Ricketson,  R.   Asbworth,   B.   Bakewell,   R.  $.  Hays,  William   Morrison,   Henry 
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Irwin,  Louis  Jones,  W.  S.  Bissell,  B.  F.  Bakewell,  Samnel  Gromerly,  William 
Walker,  Hay  Walker,  James  A.  Wright,  N.  Holmes.  William  McCully  &  Co. ,  A.  L. 
BoUman,  J.  B.  Jackson,  Mrs.  A.  Cosgrove,  J.  S.  Coagrove,  C,  Rahm,  L.  0.  Living- 
stone, James  Marshall,  J,  McD.  Crosaan  and  W.  F.  Johnston. 

At  the  conclusion  the  spectators  were  taken  all  over  the  basement  of  the  new- 
building  and  e-verything  was  explaitted  to  them  by  Mr.  Brashear. 


The  New  Allegheny  Obaervatory— By  kindness  of  Mr.  Brashear 
and  Professor  F.  L.  O.  Wadsworth,  director  of  the  Alkgheoy  Observatory,  wt 
have  the  privilege  of  presenting  to  oar  readers  a  view  of  the  new  Allegheny  Ob- 
servatory, aa  photographed  from  the  perspective  made  by  the  architect.  It  ia  the 
frontispiece  to  this  number. 

The  comer  stone  referred  to  above  was  really  the  cap-stone  of  the  first  story, 
and  $22,000  haa  already  been  expended  in  this  first  atory  which  is  to  contain  the 
laboratories.  The  work  is  now  going  on  for  the  second  story  of  the  building. 
The  outside  will  be  finished  in  light  cream-colored  brick  and  terra-cotta.  The 
dome  over  the  columns  will  have  the  13-inch  telescope  of  the  old  Observatory 
mounted  in  it.  and  this  is  to  be  forever  free  to  students  of  all  educational  institu- 
tions and  to  the  public  under  suitable  regulations.  The  great  dome  will  contain 
the  30-tnch  equatorial  and  siderostat  telescope,  and  there  will  probably  be  placed 
in  the  other  dome  a  special  form  of  reflecting  telescope,  devised  by  Professor 
Wadsworth  as  a  monument  to  Professor  James  E.  Keeler. 

Director  Wadsworth  is  greatly  interested  io  aatrophysical  research,  and  be  ia 
sparing  no  pains  to  secure  an  Observatory  adapted  in  the  very  best  of  modern 
ways  for  research  in  both  the  old  and  the  new  astronomies. 


Leonids  at  Vaaaar  Collef^e,  Poughkeepeiet  N*  T.— The  students  in 
the  astronomical  department  at  Vassar  College,  watched  for  the  Leonid  meteors 
on  Wednesday  and  Thursday  nights,  Nov.  14  and  IS.  Tuesday  night  preceding 
was  cloudy.  A  fairly  continuous  watch  was  kept  up  by  different  groups  of  stu- 
dents from  1  to  5  o'clock  on  the  mornings  named.  Forty-two  Leonids  were 
counted  on  Wednesday  and  fifty  on  Thursday.  Many  other  meteors,  Geminids 
and  Orionids  were  also  noted ;  these  were  not  recorded. 


The  Leonids  at  Jamaica  Plaini  Masa.— I  observed  on  the  12th  from 
2:30  to  5:30  &.  u.  I  saw  during  this  period  5  Leonids  and  7  other  meteors.  The 
13th  was  cloudy  until  about  6  o'clock.  The  14th  was  cloudy  from  12  to  1:30 
A.  u.  My  observations  were  from  12  to  5:20  a.  u.  During  that  time  I  saw  47 
Leonids  and  31  other  meteors.  The  15th  I  did  not  observe.  On  the  16th.  4 
Leonids  and  9  others,  making  a  total  of  103  meteors  in  all,  66  Leonids  and  47 
others.  All  these  shooting  stars  with  perhaps  three  exceptions  were  from  radi- 
ants in  Gemini  and  Auriga,  Leo  Minor,  S  Urste  Majoris  and  one  or  two  from 
Taurus.  The  larger  number  came  from  Gemini,  and  the  next  largest  from  f  <Iota) 
Aurigte.  These  meteora  with  five  exceptions  (one  0.5  magnitude,  three  of  1st 
magnitude  and  an  especially  brilliant  one  of  (—  2)  from  5  Ursfc  Majoris)  were  of 
third  magnitude.  They  were  very  frequent.  So  that  the  number  of  Geminids, 
etc.,  vtrere  more  numerous  than  the  Leonids.  I  only  recorded  meteors  that  shot 
into  region  somewliere  near  Leo.* 

•  For  want  of  space  the  detailed  observations  in  tabular  form  are  omitted. 
The  observations  appear  to  be  carefijUy  made. 
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There  seemed  to  be  three  radiants.  The  regular  radiant  and  one  at  y  Leonia 
and  M  Leonis.  Nos.  17,  39,  44,  27,  43,  34,  35  and  28  were  observed  to  come  from 
difierent  radiants  than  the  regular  one.  There  was  one  that  started  outside  of 
the  Sickk,  which  was  marked  shooting  star,  although  it  may  have  been  a  Leonid. 


Meteors  Ch&ktbd  Nov.  12,  14,  16,  1900,  at  Jamaica  Plain,  Mass. 

Nob.  2,  8,  10, 12,  13, 18. 19,  37,  44  were  brighter  than  Ist  magnitude;  Nos.  12, 
13  and  44  were  especially  bright.  On  Nov.  14,  1900  a  very  brilliant  meteor  of 
—  3  magnitude,  green,  of  3rd  magnitude  trail  shot  from  J  Ursa  Majoris.  On  the 
16th  observations  stopped  at  4  o'clock  a.  u.  This  shower  is  not  as  hopefiit  as 
those  of  1898  and  1899. 
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The  Leonid  Meteors.— Although  no  remarkable  shower  has  been  re- 
ported aa  seen  anywheic  thia  year,  it  is  evident  that  the  swarm  of  Leonids  ha* 
not  all  been  diverted  from  its  former  conrBe  far  enough  to  miss  the  Earth.    Watch. 


Meteors  Charted  Noy.  13, 1900, 12''  to  XP'  Central  Standard  Tuie  at  Gooi>- 

SELL  OSBERVATORV  OP  CARLBTON  COLLEGE,  NORTHFIBLD,  MtKK. 

was  kept  for  the  meteors  by  the  astronomy  class  at  Carkton  College,  NorthAeld, 
Minn.,  on  the  nights  of  Not.  13, 14  and  15  from  midnight  to  morning,  with  the 
result  that  about  30  Leonids  were  seen  on  the  13th  and  oa  the  14tb,    The 

night  of  the  15th  was  cloudy  except  fr\>m  12:30  to  13:30  when  the  portion  of  the 
sky  near  Leo  was  partly  clear.  In  that  interval  only  one  meteor  was  seen  that 
being  a  fine  ]>onid  dose  to  the  radiant. 
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The  observers  being  most  of  them  without  experience,  the  radiant  indicated 
is  spread  over  a  picttj  wide  area,  bnt  the  center  is  about  two  degrees  sonthwest 
from  f  Leonis.    Aa  many  meteors  were  seen  from  other  radiants,  as  Irom  Leo, 


there  being  quite  a  large  number  from  the  region  of  Gemini. 

The  accompanying  charts  show  the  traits  platted  by  abont  half  of  the  mem- 
bers of  the  class,  duplicates  being  excluded  where  it  was  possiUe  to  identify  them. 

Leonids  Observed  at  Park  College)  Parkvllle*  Mo<— Professor  A. 
M.  Mattoon,  director  of  Scott  Ohserratory,  reports  obserrations  of  the  Leonids 
made  on  the  mornings  of  the  Nov.  14  and  15.    On  the  ffloming  of  Nov.  16  it  was 
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cloudy  at  ParkviUe  fiom  midnight  tiU  morning.  The  morning  of  the  15th  was 
not  satisfactory,  on  account  of  passing  clouds  which  continued  until  5  o'clock 
c.  s.  T.  at  which  time  it  became  perfectly  clear. 

But  iew  meteors  were  seen  until  about  10  minntee  after  4  o'clock  a.,  if.  Prom 
that  time  until  5:45,  4.2  meteors  were  seen  and  recorded ;  all  bat  7  were  Leonids. 

On  Thursday  morning  (16tb)  only  8  meteors  (due  to  prevalence  of  clouds 
possibly)  were  seen  before  5  o'clock ;  22  were  counted  in  the  neit  fifty  minutes, 
all  but  3  being  Leonids.  Observations  as  compared  with  those  of  last  year  were 
■very  nnsatis&ctory. 


Omissions.— Credit  should  be  given  for  the  tables  on  pages  558  and  559  to 
Astronomiscbe  Nachricbten  Nos.  3669  and  3670,  and  for  the  epbemeris  of  Bros 
on  page  560  to  Bulletin  No.  5  of  the  Con&rence  AstropbQtogra.pbic  latcmational. 
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